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I. ACKNOWLEDGEMENTS:

The success of the 2 year project in Lolo Creek, was nade possible by the
team effort provided by everyone involved in the project. However, a few
speci al peopl e deserve acknow edgerment.We would |ike to say thanks to our
friend and crew | eader, Bob Vogel sang. W woul d i ke to thank Paul Brouha,
for his continued support, first fromthe RL Regional Ofice and now from
the Chief 's Ofice in Washington D.Gay Coon, owner of our contract

heavy equi pment and the equi pment operatoréndel | Gsborne, also deserve a
thank you for a job well done.

A special thanks again goes to Larry Everson, BPA Contracting Oficer, for
hi s encouragenent, support, and insight throughout the project.

F. L NTRODUCTI ON

In 1984, and under the auspices of the Northwest Power Planning Council,

the Cear-water National Forest and the Bonneville Power Adninistration
entered into a contractual agreenent to inprove anadromous fish habitat in
Lolo Creek. This was to be the second and final year of instream

enhancement work in Lolo Creek, a major tributary to the Oearwater River.
The project was again entitled Lolo Creek Habitat |nprovenent (#84-6) which
was scheduled from April 1, 1984, through March 31, 1985. Project costs
were not to exceed $39, 109.

The following report is a description of the project objectives,
nmet hodol ogy, results, and conclusions of this year’s work, based on the
know edge and experience gained through 2 years of enhancenent work.

A. Project ijectjves:

1. Prinmary Qbjectives: The primary objective was to partially
mtigate the juvenile and adult anadromous fish |osses accrued through
hydroel ectric devel opment in the Colunbia and Snake River systens by
enhancing the spawning and rearing habitats of selected Cearwater River
tributaries for spring chinook sal mron and sumrer steel head trout. The
enhancenent was designed to aneliorate the “limting production factors” by
the in-stream placenent of habitat structures that would positively alter
the pool-riffle structure and increase the quality of over-w nter habitat.

2. lolao Geek hiectives

a. Enhance 40 to 60 acres of summer and winter rearing
habi t at .

h. Enhance the quality of 10 to 14 acres of spawning
habi t at .



¢c. Increase the utilization and productive capability of
the habitat over a 12 mle reach.

d. Increase the diversity (nunber of niches) of the rearing
habi t at

e. During low escapenent periods, increase the seeding
capability of the system by increasing the amount of hiding and escape
cover for adult spawners.

f. Increase the smolt production capability of the habitat
to a level that an annual increase of 4,000 steelhead and 10,000 sal non
snmolts is realized within two escapenent cycles and sustained thereafter

B. Description of Proiect Areg

A conplete and thorough description of the project area is presented in the
1983 Annual Report for the “Lolo Creek and Upper Lochsa Habitat Enhancenent
Projects”, submtted to the Bonneville Power Adnministration by F. A

Espi nosa, Jr., 1984.

IIl.  METHODS AND NMATERIALS

A. Basis for Treatnent of Chojce:

The 1983 annual report (Methods and Materials Section, page 16) discusses
the factors limting the systemis inherent capability to produce fish, our
ability to enhance these factors, and the treatnment of choice or
structure-type used to obtain the desired results

B. Pre-implepentation Phase:

The pre-inplenmentation phase began nuch as it had in 1983, by first
attenpting to identify reaches needing treatment and then deciding on the
appropriate treatnent. Although this can be acconplished on aerial photos
it is best done in the field with “map in hand.” Due to the proximty of
the 100 and 103 roads to Lolo Creek, we were able to conplete mapping the
treatment reaches by June 1, 1984,

Each reach was marked and the treatnment to be applied recorded on 36 inch
surveyor stakes. Necessary project resources, such as boul der sources,
were also narked in this manner. By md-June a working project map was
conpleted.  Access points for heavy equi pnent were al so mapped. The fina
portion of this phase involved orientating the crew and other Forest
support personnel to the Fy 84 project.



1. Mitigation and Maintenance of the 1983 Project:

Oh May 7, 1983, we began planting 2,000 bare-root aspen shoots obtained
from Native Plants Nursery in Sandy, Wah. Since we had constructed 40 |og
weirs or K-dam structures in 1983, we planned to plant 100 shoots per
structure or 50 on each bank. A two person crew conpleted the work on My
25, 1984. The crew averaged 133 shoots per day. The total cost for this
was $3,600. The aspen were planted to prevent erosion, stabilize the site

provide future shade and add quality deciduous debris to the system
(figures 1 and 2).

The Forest was allocated $5,000 for maintenance of last years structures.
Mai nt enance work involved both hand and equipnent work and was carried out
in an orderly process coupled with the new construction. Table 1 lists the

type of maintenance problems we encountered and the cost of maintaining
these structures.

Si xteen percent of all the structures installed in Lolo Creek in 1983
required some nmintenance (Table 1). Eight percent of the structures
required major maintenance utilizing heavy equipment to correct the
situation and prevent further maintenance. Fifteen percent of all
structures required mnor hand maintenance usually involving the wire on
the upstreamside of a log structure. The average cost of maintenance was
$14Q'structure. Maintenance costs ranged from $50 to $500 per structure
(Table 1). K-dams and log weirs required 100 percent of the maintenance.
These structure types involved 26 percent of the total structures installed

in 1983. Sixty-seven percent of the K-dans and 42 percent of the log weirs
requi red sone maintenance (Table 1).



TABLE 1

Mai nt enance Condi ti ons

Cost of
Structure # Needing Maintaining Conditions Requiring
_Types =~ Maintenance Each Structure = ___Maintemance

K- dans 5 $250 G avel washed out
of wing cribs.

2 $30 Wre settled in
at log-wire
junction

Log Wirs 11 $100 Wre peel ed back
toward |og from
upstream end
(Figure 3)

3 $250 Bank erosion.
Wt er washi ng
around the end of
the |og.

! $500 Conpl ete dis-
pl acenent of
structure from
Site.

5 $50 Wre settling
on upstream side
of the |og.

1 $250 Large debris
catching on |og
and deflecting
flows into bank
(Figure 4)

$50 Beaver const-
ructing dams on
structures
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photo shows crewnan pl anting aspen shoots.

of shoots. Lower phot o shows pl anted aspen shoots.

full

Figures 1 and 2. Upper

bucket




Figures 3 and 4. Upper photo shows typical maintenance problem of wire
peel.  Lower photo shows craw er backhoe resealing log weir.




Figures 5 and 6. Upper photo shows backhoe filling in “high water w ng”
added to existing log weir. Lower photo shows crew pinning “high water
wing" to log weir.




No maintenance was required for: root wads, boulder clusters, felled
organic debris, deflector logs, bank cover devices, or lateral deflectors.
Appendix A is a project map show ng those structures constructed in 1983,
which required maintenance. Figures 3 and 8 show some of the naintenance
wor K.

2. 1984 Construction:

On June 18, 1984, the Lolo project for this year began. Qur first job was
gathering cable of 9/16 inch dianeter |ocated at ol d cable |ogging

landings. Since we were going to treat a 1 mle reach with [arge organic
debris (tree over 24" DBH), we felt the larger cable was necessary to hold
these felled trees during peak flows. W gathered over 2,000 feet of cable
in 2 weeks. The crew then felled trees for log weirs, K-dans, and K-dam
wings. Ve were fortunate this year in that each site had a good supply of
trees, so that no hauling was necessary.

Next the crew felled and cabled [arge conifers in the debris reach.

Figures 9 and 17 show the technique used in felling and cabling these |arge
trees. Appendix B shows the site and species of the debris within the
reach. Inall, 21 trees were felled and cabled (Figures 14 through 18).

W coul d have acconplished nore, however, some stretches within the reach
were sparsely vegetated with riparian conifers and we felt it best to |eave
them The treatnment reach |acked pools and was dom nated by 95 percent

run, over |arge cobble-sized basalt. Trees were felled in the sanme manner
as described in the 1983 annual report (page 60).

The next phase of the project involved excavating and hauling |arge

boul ders for weirs, boulder clusters and large single boul der placements.
Boul ders were excavated and |oaded with a Case-966 front-end | oader and
hauled with a dual axle 12 yard dunp truck. Over 250 boul ders were
excavated, haul ed, and dunped at the predetermned |ocations, during the
week of July 23-27. The 966 |oader could not work while the dunp truck was
hauling; we used a single operator for both pieces of equipnent.

On August 6, 1984, we began maintenance work on the structures with the
Link Belt-4500 craw er backhoe. Concurrently, a second crew began
construction of bank cover devices. These overhead cover devices are a
nmodi fied version of those used in Wsconsin to restore deteriorated
streanbanks (see Appendix C). Over a 4 week period 7 K-dans, 4 log weirs
7 boul der weirs, 7 boulder clusters, 185 large boul ders, 1 boul der
deflector, 7 root wads, 7 deflector logs, and 8 bank cover devices were
constructed or installed in Lolo Creek. In addition, 2 debris jans were
renoved. Figures 18 through 59 illustrate this year's activities.

Sel ection of logs for K-danms and log weirs, selection of boul ders for
boul der clusters, and placenent of root wads, boul ders, boul der clusters,
and deflector logs as well as construction techniques are adequately



Figures 9 and 10. Upper photo shows cable attachnent to |og. Lower photo
shows technique of cabling prior to falling.
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phot o shows crewnan notching | og to accept w ng.

Lower photo shows crewnan notching stunp to accept cable.

Figures 11 and 12. Upper



Figures 13 and 14. Upper photo shows crewran wal king on felled debris with
cable. Lower photo shows 1 felled tree and 1 tree falling in.
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Figures 15 and 16. Upper and lower photo show arrangement of felled
organi ¢ debris.
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described in the 1983 Annual Report (pages 34-60). The exception is the

i mprovenents we have nade in the design and construction of K-dams. These
i mprovenents are designed to increase the longevity and elimnate costly

mai ntenance.  Appendix D, Figures 18 and 19 show the inprovenments in design
made to elimnate the loss of rip-rap fromthe downstream cribs.

Construction of new structure types not included in the 1983 description

i ncludes; overhead bank cover devices, boul der deflectors and weirs.

Figures 40 through 48 show the construction of the overhead bank over
devices |  This nodification of the streanbank structure used in Wsconsin
is designed to stablize banks and to provide overhead cover. Each one was
constructed at a site where active bank cutting was evident, or an existing
under cut occurred.

By constructing sone of the overhead cover devices against eroding banks
and rip-rapping the bank under the structure, the hydraulic energy that was
eroding the bank will be diverted to scouring a pool at the site. |f no
pool forns, then a pool formng structure, such as a boul der or deflector

|l og, can be placed near the structure. By constructing the other bank
structures on an existing undercut bank wthin meanders, the undercut

effect was extended.

The single boul der deflector is simlar to a |log deflector in function.
Seven |arge boul ders keyed into a talus stream bank were placed
side-to-side into the stream at a 35 degree angle. A small pool and gravel
bar exist off the point of the deflector some 35 feet out fromthe bank

A total of 7 boulder weirs were constructed. Boul der weirs performthe
sane function as log weirs except that no bank disturbance is required.

Both straight and v-shaped weirs were constructed. Boul der weirs were used
where pool formation was desirable but bank disturbance was undesirable or
inpractical. Figures 49 and 50 show typical boul der weirs.

Two large debris janms causing excessive ponding and tremendous sedinment
deposition were removed with the craw er backhoe. The braided side
channel s created by these janms were preserved as well as their water

supply. Figures 51 through 55 show the activities associated with renoving
these jans.

One very large K-damwas constructed (map #50, Appendix E). This log was a
42 inch DBH western white pine, spanning the channel 90 feet from wetted
edge to wetted edge. The large size was necessary to withstand the force
of high flows in this reach. Figures 56 through 59 illustrate this
structure

D. Rast-Construction Phase:
The post construction phase in Lolo Creek ended on Septenber 28, 1984. For

the remainder of the work period, the crew worked on restoration of
disturbed sites created by project activities. These sites included

15



Figures 18 and 19.  Upper and |ower photo show conpleted K-dans and
nmodi fied w ng supports.




Figures 22 and 23. Upper and lower photos show backhoe filling in main log
weir.
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Figure 26.  Upper photo show crewran working on wing supports. Note size
of materials.
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Lower

Upper photo shows crewran pinning w ng support.

photo shows crewman cutting notch to accept wing support.

Figures 27 and 28.




Upper and |ower photos show backhoe nmoving white pine
23

Figures 31 and 32.
stunp into place.



Figures 33 and 34. Upper photo shows backhoe positioning cedar stunp.
Lower photo shows backhoe and nearly conpleted boul der reach.




Figures 35 and 36. Upper and |ower photos show backhoe working on |arge
boul der reaches, in Lolo Creek.




Figures 36 and 37.  Upper and |ower photos show backhoe working on |arge
boul der reaches.




Figures 38 and 39.

Upper and | ower
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sites for

Upper and | ower photos shows typica
na

in Lolo Creek.

Figures 40 and 41.
cover devi ces,



rap on bank.
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Upper and |ower photos show the emerging support
device. Note rip

the overhead cover

Figures 42 and 43.
structure for



Upper and |ower photos show the planking (2" x 10" X

10') used on overhead cover devices.

Figures 44 and 45.




Figure 46.  Photo shows planking covered with a layer of gravel topped Wi th
native sod.
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Figures 47 and 48. Upper and |ower photos show conpl eted overhead cover
devi ces.
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access, egress, and travel routes for the backhoe, boul der excavation
riparian zone,and stream bank disturbances at structure sites. These
areas were water barred, seeded or both. W plan to continue the
successful phase of spring aspen planting at log weir and K-dam sites.

lv. RESULTS AND DI SCUSSI O\
A. 1984 Project:

A total reach distance of 11 mles (extensive perspective, “area of

i nfluence”) was enhanced with the construction and placenent of 258 habit at
structures. The actual stream distance treated with structures (intensive
perspective,“non-treated” reaches excluded) equalled 3.9 mles. The

average nunber of structures per unit distance was 23/mle (1 structure
every 70M, of overall reach distance or 66/mle (1 structure every 24M of
actual distance treated.A map displaying the types, distribution, and
concentration of structures is presented in Appendix E.

Sixty-five percent of the total project activity this year (168 structures)
was concentrated in the reach below Wite Creek (5.75 mles), whereas 35
percent was in the 5.25 mles above Wite Creek (Appendix EL The | ow
density of structures in the upper section was due to the 1983-1984
enphasis. Activity (69% in 1983, was concentrated above Wite Creek so
that this area was “filled-in” in 1984.n 1983, the section below Wite
Creek was lightly treated or delayed to 1984. A categorization of tota
project activity in 1984 is presented in Table Il along with the nunmber of
structures by type and the enhancement effects. Perusal of Table I

i ndicates structures that create “pocket water”, create pools and enhance
cover were featured (74%of all structures. Significant secondary effects

i ncl ude channel scouring and recovery of stream banks

K-dans and log weirs were concentrated in 2 reaches (7 out of 11
structures), the other 4 were widely spaced in the the reach above Wite
Creek or used as a main pool formng structure in conjunction wth other
structure types. Single boulder weirs were used singly twice and in 2 main
reaches, one with 2 boulder weirs, the other with 3 weirs. Those reaches
t;ea}ed mfth log weirs averaged 4 structures per reach over a mean distance
of 1/2 mle.

Seven reaches were treated with a conbination of |arge boul ders and/ or
boul der clusters, ranging from3 (l-cluster) to 52 with a nean of 20 per
reach. Reach length ranged from50 to 500 feet with a mean of 200 feet.

Boul der deflectors, root wads, deflector |ogs, and overhead bank cover
devi ces were used singly or within reaches containing other structures or
the specific site requirenents for their installation.



Two debris jams were renoved. However, the side channels created by these
jams were maintained.

The organic debris reach was treated with 21 trees (refer to Appendix B)
This reach was 1 nmle long for an average distance between felled trees of
251 feet.

The contractual agreement with BPA called for a mninumof 120 structures.
W exceeded this goal by 115 percent or 138 structures. This was made
possi bl e by the enphasis on boul ders this year, which were easily obtained
and installed. Qher time-efficient and cost-effective measures were

di scussed in the 1983 annual report (page 66). Table IV displays the cost
anal ysis of the 1984 project.

B. Results of the Total In-stream Structural Enhancenent (1983-84):

A total of 11 nmiles of Lolo Creek was intensively treated over the 2 year
period. A grand total of 392 structures were constructed or placed in Lolo
Creek (refer to Appendix F for specifics).

Scrutiny of Table Il reveals that structures creating “pocket water” were
enphasi zed (63%. Pool formation structures were the next highest enphasis
at 25 precent and cover enhancenent structures next at 12 percent.

Treatment enphasis was correlated to the pretreatment pool:riffle ratio of

23:77. Boul der placenents were used to enhance continuous riffle reaches.

In essence, the primary objectives of this enhancement project were to nore
favorably alter the pool:riffle structure and increase the diversity
(quality) of the habitat. In our opinion, we have achieved those

obj ectives via our enhancenent design for Lolo Creek

Overall we contracted for 216 structures and we conpleted 392. Table V
di splays the cost analysis for the entire project.

C. Mnitoring of 1983 Enhancenent: :

On July 30 and August 29, 1984, Forest Service biologists conducted sone
linmted evaluation of the habitat structures that were installed in 1983.
The eval uation consisted of popul ation sanpling of enhanced and nonenhanced
habitats via snorkel diving. Ten pools (upstream and downstrean) forned by
log weirs, two reaches of boul der clusters, and four control reaches
(nonenhanced) were sanpled. Sanpling units and controls were not randomy
selected, but were representative of the type of enhancement work

conducted in 1983. Control units were selected within the same overal
stream reach and were typical of habitat that the project woul d have
enhanced. Because of tine constraints, no

35



Upper and | ower photos show the 2 debris jans renoved

Figures 51 and 52.

in 1984.
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Upper and lower photos shows the backhoe working on the

Figures 53 and 54.

debris jams.
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Figure 55. Photo shows site after jam renoval. Note sand dunes upstream
from site.
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Figures 56 and 57. Upper and |ower photos show backhoe working on |arge
| og weir.
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Upper and lower photos show completed weir.

Figures 58 and 59.
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boulder cluster controls were sampled. In essence our methodology was
similar to that,employed by the State's evaluatéon team. We sampled a
total of 3,591m™ of enhanced habitat and 1,017m~ of nonenhanced habitat
(controls). For all reaches and types of structures, the enhanced ("E") vs
nonenhanced 4{"NE") fish densitigs were: Juvenile steelhead (1+sand 2+'S)
"E" = 8/100m” vs "NE" = 6/100m"; and i o

+
= 1/100m~ vs "NE" =
0/100m".

Wien the sunmary data are stratified by sanpling period and structure-type,
sone interesting conparisons are revealed. In late July, weir- pools

di spl ayed a chinook density of 12/100m as opposed to 4/100m for the
nonenhanced habitat (300 percent increase). This increase was not
reflectjve of conbined juvenile steelhead---i.e. "E' = 9/100nf vs "NE' =
10/100nf.  However, there was a 180 percent increase in Age 2+ steel head
when conparing enhanced vs nonenhanced. This woul d be expected as we are
dealing with a larger fish that would require more “classical” poo

habitat. Salnonid fry densities were lowin all sanple units, therefore,
differences were insignificant.

Sanpling of boulder clusters reveal ed juvenile chinook densities simlar to
those observed in weir pools: 12/100nf for weir pools vs 11/100nf for
boul ders.  Total juvenile steelhead did show a substantial difference
between structure-types: 9/100nf for weir pools vs 16/100nf for boul ders.
This also is expected since steelhead seemto prefer the "pocket water"
habitat that boul der clusters create. Although not directly conparable,
densities of salmon and steel head were nuch higher in the boul der reaches
vs the controls (salmon = 300 percent and steel head = 160 percent). A
sunmary conparison for the July period shows density ratios of salnon and
steel head in enhanced vs nonenhanced habitats as 31 and 1.2:1
respectively.

In late August and at different sites, densities of juvenile salnon and
steel head were very simlar in enhanced (weir pools) vs nonenhanced
habitats: "E', chinook = 22/100nf vs. "NE', 24/100nf and "E', steelhead =
5/100nf vs "NE', 6/100nf.

Conparison of July and August data has provided some nixed results. The
sanmpling was limted in scope and intensity. This data nmay only serve as a
conparative adjunct to the nmore intensive and conprehensive effort
conducted by the State evaluation team Data collected and anal yzed by the
eval uation teamindicated a signif icant (300 percent) increase in Age 2+
steel head density in log weir pools vs. controls (Petroskey, pers. comm,
1984). Albeit limted, our data (July) suggests that the same relationship
(300 percent increase) may exist for juvenile chinook in |og weir pools.

In any case, adequate evaluation of the project will require a mninum
effort of 5 years.
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SUMMARY AND CONCLUSIONS
1983-1984 | nstream Enhancenent

1. In_EY 1983, Phase | of the Lolo Creek Project was Initiated and
Conpl et ed.

a. The project (#83-522) was funded at $27, 000.

h. One-hundred percent of the budget was expended in executing the
proj ect .

c. A total of 145 structures were placed in Lolo Creek at an average
cost of $186/structure.

d. Eighty-seven percent of the structures were designed to inprove
pool frequency and quality.

e. A total stream distance of 8.5 mles was enhanced wth enphasis on
the 5.25 mles above Wite Creek.

2. In FY 1984, Phase Il of the Lolo Creek Project was Initiated and
Conpl et ed.

a. The project (#84-6) was funded at $39, 109, plus $5,000 for
mai nt enance of 1983 structures.

h. One-hundred percent of the budget was expended in executing the
proj ect.

c. A total of 258 structures were placed in Lolo Creek at an average
cost of $152/structures.

d. Seventy-four percent of the structures were designed to create
"pocket water" and enhance cover.

e. A total stream distance of 11 mles was treated wth enphasis on
the 5.75 mles below Wite Creek.

3. Atotal streamdistance of 11 mles in Lolo Creek was intensively
enhanced over a 2 year period with a total of 392 structures constructed or
install ed.
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a. Average distance between structures for the 11 mles was 168 feet.
b. Average cost per structure over the 2 year period was $169

Structures which diversified long riffle/run reaches by adding
“pocket water” pools were enphasized (63% of all structures).

d.  The structures were targeted at enhancing the baseline pool/riffle
ratio of 23:77 to a nore "classic" 40:60 to 50:50 ratio. The degree of
enhancenent equates to 50 acres of summer/wi nter rearing habitats and 12
acres of spawning habitat.

4, In our opinion we have increased the diversity, utilization, and
production capability of Lolo's fish habitat with this project.

a. Prelimnary evaluations by biologists fromboth the Idaho
Department of Fish and Ganme and biol ogists on the O earwater Nationa
Forest show that juvenile chinook and age 2+ steelhead, prefer the enhanced
habitat of log weir pools.

b. Wether or not we achieve the estimated increase in salnon and
steel head snolt production (10,000 chinook and 4,000 steelhead) is a matter
for evaluation by the Idaho Department of Fish and Gane and the Bonneville
Power Administration

5. W feel that the 1984 project was even more successful than the 1983
project. Nunerous groups of resource people have viewed the Lolo Creek
project, both inter- and intra-agency personnel. For the nost part we have
received only positive responses during these reviews.

6. In September 1984, adult spawning spring chinook salmon were seen
utilizing the spawning habitat created and enhanced by the structures.
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V. APPEND CES:

Appendi x A Map of structures requiring maintenance.

Appendi x B Distribution of felled large organic debris.
Appendi x C Cassic (Wsconsin type) bank cover device.

Appendi x D K-dam wing joint and crib reinforcement inprovenments.
Appendi x E 1984 project map.

Appendi x F 1983-1984 conbi ned project map.

Appendi x G Expl anation of yearly map totals and final map total

(differences).



Table 11

Types of habitat structures,

nunber per type, and probabl e enhancement

effects of structures placed in Lol o Creek, |daho (1984).

Type No.
K- dams 7
Log weirs 4
Boul der weirs 7
I ndi vi dual Boul der Clusters 4
Single large boul ders 5
Boul der Reaches 183
(l'arge boul ders and clusters)

Boul der Defl ect or |
Cedar Root Wads 7
Organic Deflector Logs 7
Rank Cover Devices 8

Large Anchored Organic Debris I3 _

TOTAL 258

44

Probable Effect

Pool formation and sedi nent
reduction.

Pool formation and sedi nent
reducti on.

Pool formation and sedi nent
reducti on.

"Pocket water™ pool fornation cover
enhancement and sedi ment reduction.

“Pocket water” pool formation cover
enhancenment and sedi ment reduction.

“Pocket water” pool fornmation cover
enhancement and sedi nent reduction

Pool formation, sedinent reduction
gravel bar maintenance and cover
enhancenent .

Cover enhancenent and pool
formation.

Pool formation, sedinent reduction

and cover enhancement.

Cover enhancerment and bank
stabilization.

Pool formation, sedinment reduction
and cover enhancemnent.



Table 111

Total (1983-84) types of habitat structures, nunber per type, and probable
enhancement effects of structures placed in Lolo Creek, |daho.

Type No, Probable Effect

K- dam 16 Pool formation and sedi ment
reducti on.

Log Veirs 30 Pool formation and sedi nent
reducti on.

Sc..der Wi rs 7 Pool formation and sedi ment
reducti on.

Beulder G usters 9 “Pocket water” , pool formation,
cover enhancenent and sedi ment
reducti on.

Bou_der Defl ect or | Pool formation, sedinment

reduction, gravel bar main-
tenance, and cover enhancenent

Cedar Root \\ds 21 Cover enhancenent and pool
formation.

Lateral Deflector Logs 14 Cover enhancenent and pool
formation.

Pool Construct ion 1 Pool Format ion

Bank Cover Devices 12 Cover enhancenent and bank
stabilization.

Deoris Jam Renoval 3 Sedi nent reduction and bank
stabilization.

Large Anchored Crganic Debris 42 Pool formation, cover enhance-
ment and sedi nent reduction.

Large I ndividual Beculders 185 “Pocket water” , pool formation,
sedi ment reduction and cover
enhancenent .

Boul der Reaches 51 “Pocket water”, cover enhancement,
pool formation, and sedi ment
reducti on.

TOTAL 392
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Table |V

Project costs per unit structure type for habitat enhancenent in Lolo
Creek, |daho ( 1984).

Structure Type Unit Cost
K- dam (conpl et ed) $1100
K-dam (nodified) reduced wing structure $900
Log Weir $390
Boul der Clusters $25
(x 2.5 boul ders/cluster ) ($10 per rock)
Large Individual Boul ders $10
Large Anchored Organic Debris $u8
Anchored Deflector Logs (near channel) $32
Boul der Veirs $200
Boul der Deflectors $130
Root Wds $60
Bank Cover Devices (Labor Intensive) $1065
Debris Jam Renoval (Equi prent | ntensive) $826

Avg. Project Cost for all Structures Z%;i;%gfzgtﬁ% = $152/structure
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Table V

Total project costs (1983-84 combined) per unit structure type for habitat
enhancement in Lolo Creek, |daho.

Structure Type Unit Cost
K- dam (conpl et e) $1250
K-dam (nodified) reduced wing structure $800
Log Veir $370
Boul der O usters $38
(x 2.5 boul ders/cluster) ($17/rock)
Large Individual Boul ders $16
Large Organic Debris $52
Anchored Deflector Logs $30
Boul der Weirs $220
Boul der Deflectors $130
Lateral Log Deflectors $90
Bank Cover Devices (labor intensive) $880
Debris Jam Rermoval (equi pment intensive) $826
Pool Construction $10
Root Vads $44

-

. : _Total Budget _$66,109
Avg. Total Project ="r =7 gt ictures = 392

cost for all
structures

= $169/structure
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v. APPENDI CES:

Appendi x A Map of structures requiring maintenance.

Appendi x B Distribution of felled large organic debris.

Appendi x C Cassic (Wsconsin type) bank cover device.

Appendi x D K-dam wing joint and crib reinforcenent inprovements.
Appendi x E 1984 project map.

Appendi x F 1983- 1984 conbi ned project map.

Appendi x G Expl anation of yearly map totals and final nap total

(differences).
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APPENDIX C

CLASSIC WISCONSON BANKCOVER DEVICE
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APPENDIX p

K-dam Crib Reinforcement.
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APPENDIX D

K-Dam Wing Construction
Down Stream View
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Appendi x G
Differences Between
Explanation of Yearlv Map Totals and
Final Map Tota

A 1983 map shows 145 structures.
B. 1984 map shows 258 structures.
c. (145 + 258) = 403 structures
D. Conbined 1983-84 shows 392 structures or a difference of 11 structures.
E. Reasons:
1. W lost 2 root wads from 1 K-dam site hot cabled).
2. \® removed 1 non-functioning |og weir.

3. An error was noted on the 1984 map, structures #3 and #4 are the
same (double count)

4. Debris jamrenoval 13 did not appear on 1983 nap.

5. The remainder of the differences lies in the way the boul der
reaches, boul der clusters, and large individual boul ders were counted. W
feel that after 2 years experience the 1983-84 conbined method is the best
way to count these structures.
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[1. | INTRODUCTI ON:

In 1984, and under the auspices of the Northwest Power Act, the C earwater
National Forest and the Bonneville Power Admnistration entered into a
contractual agreenment to inprove anadromous fish habitat in two nain
tributaries to the Cleatwater River, in ldaho. The project was titled “Lolo
COreek and Lochsa River Habitat |nprovenent, "Project Nunber 84-6 and Agreement
Nunber DE-A179-4BP-16535. Effective July 1, 1984, the agreenent was nodified
to include the “El dorado Creek Fish Passage” project, nodification nunber

M01. Total funding for the project was $17,668. The project called for

modi fying 4 rock fails barriers to allow anadronous fish passage during both
high and low flows.

The followi ng report is a description of the project objectives, nethodol ogies,
baseline conditions, activities, results, and conclusions.

A Project Qbjectives:

The primary objective of the project was to partially mtigate the juvenile and
adul t anadromous fish |osses accrued through hydroel ectric devel opment in the
Col unbi a and Snake River by enhancing or making available the spawning and
rearing habitats of selected Ceat-water River tributaries for spring chinook
sal non and steel head trout. The removal of fish passage barriers was designed

to make available historic spawning and rearing habitats and reestablish
historic runs of anadromous fish.

Eldorado Creek Chbjectives:

1. Mdify the 4 existing barriers to anadromous fish mgration so
that uni npeded fish passage will be possible during both high and |ow flows.

2. Make available 2 acres of spawning and 40 to 50 acres of rearing
habitats to spring chinook salmon and summer steel head trout.

3. Reestablish the historic run of anadromous fish in El dorado Creek.



B. Description of Project Area:
Eldorado Creek

El dorado Creek is a 6th order tributary of Lolo Creek, flowi ng northwest for 18
mles, draining a total of 48 square miles. Average width, depth, and gradient
are respectively 29.7 feet, 1.5 feet, and 1.4 percent. The pool/riffle ratio
averages 15:85.  Cobbl e enbeddedness averages 50 percent over the system
Elevation in the watershed ranges fromb5,480 feet So 2,850 feet. Presently the
system provi des approximately 2 acres of anadronmous fish rearing habitat.

Myjor tributaries to Eldorado Creek include; Trout, Fan, Lunch, QBit, 6-Bit,
Austin, Dollar, and Cedar Creeks.

For a conplete description of the Cearwater National Forest and the Lolo Creek
system refer to the 1983 Annual BPA Project Report - The Lolo Creek and Upper
Lochsa HabitatEnhancenent Projects - #83-522, by Al Espinoza, Jr.

Barrier Sites

Four barriers to anadronous fish nmigration have been identified in |ower

El dorado Creek. Al 4 of the sites occurred within a |/4 mle reach with the
| ower site located 1/2 mile fromthe nouth of El dorado Creek. Wth minor
excepti on for sonme extraordinary steelhead, the barriers conpletely prohibit
sal mon and steel head from reaching upstream habitats.

Site Mymber 1 the first mgration barrier, proceeding upstreamfromthe
mouth of Eldorado Creek, was forned by a large basalt sheet. This sheet
covered the entire width of the stream and was approxinately 86 feet long. A
crest at the upstream end spreads the water over the basalt sheet for
approximtely 60 feet, at an average gradient of 8 percent. The last 20 feet
was a steep drop (40 percent gradient) to the toe of the basalt sheet. Please
refer to the Project Area Map for location and Figures 1 through 5 for
phot ographs of the barrier.

site Nipher 2 was formed by two large basalt outcrops which pinched the
channel to the right bank, |ooking upstream refer to Figure 7, a photograph of
the barrier. The upper basalt outcrop forced 90 percent of the water to the
right bank where it fell 5 feet over a high velocity falls to a pool at the
apex of the second basalt outcrop. The second outcrop forced the water into a
high velocity trough sone three feet wide and 20 feet long with a gradient of
15 percent. The end of the trough was approximtely 75 feet fromthe crest of
Site Nunmber 1, refer to Project Area Map for location of Site Nunber 2.

Site Nunber 3 is known as Eldorado Falls. Here the water falls for 28 feet
at a 35 percent gradient. The fails occupies the entire width of the channel,
refer to Figures 8 through 12. A large plunge pool, 25 feet wide and 45 feet
long, was created by the falls. The water |eaves the plunge pool at right
angles to the falls, fromthe right side facing upstream



Figures 1 and 2. Upper and Lower photos show barrier #1 prior to treatnent.




Figures 3 and 4: Upper and Lower photos show barrier #1 prior to treatment.




Figure 5: Photo shows barrier #1 prior to treatment.



Figures 6 and 7: Upper and Lower photos show barrier #2 prior to treatnent.




Figures 8 and 9: Upper and Lower photos show El dorado falls, barrier #3 prior
to treatnent.




Figures 10 and 11: Upper and Lower photo show El dorado Falls, barrier #3 prior
to treatment.




Figure 12: Photo shows Eldorado Falls barrier #3 prior to treatment.



Powers (1984) discussed the geonetry of this barrier, in his study of new
nmethods for mgration barriers. Figure 1, page 5 in Appendix C, shows the

| eaping capability of steelhead trout in relation to the falls profile. He
postul ated that only under the best conditions woul d spawni ng steel head be able
to execute a successful junp. Refer to Appendix B for location of Site Nunber
3,

Site Nunher 4 was formed during the construction of O earwater Forest road
nunber 500, the Lolo Mtorway/Lewis and Clark Trail. Rip-rap fill for support

of the road bed blocked the channel. The result was a dispersal of water and a
12 foot vertical barrier with no pool at the bottom refer to Figures 13 and
14, Two large rocks formed a ‘V through which the largest volunme of water
fell and splashed on more rip-rap. This site was the only change fromthe days
when Lewis and O ark observed spawning steel head in the upper reaches near

Dol lar Creek. This mgration barrier was created in the md-1950's, refer to
Figures 13 and 14. The rip-rap extends fromthe creek bottom50 feet up to the
road bed at a gradient of approximately 80 percent. This barrier was the nost
critical of the series as it stopped sal non and steel head from upstream passage
at all flow regines.

[11. MEIHODS AND NATERIALS:

Wth the identification of the 4 mgration barriers conpleted, the first step
was to analyze the barriers and fornulate a plan for treatment. To acconplish
this, we hired Dr. John F. Orsborn, a Hydraulic Engineer and a Fish Passage
Consul tant from Washington State University at Pullman. A copy of his analysis
and plan is presented in Appendix C. Essentially, Dr. Oshorn recomended
blasting a series of pools with sills to allow for passage at both high and | ow
flows for ail four barriers (Appendix C).

Pre-lnplenentation Phase

On Septenber 1, 1984, we began organizing the project. A certified blaster,
Bill Wlls, was borrowed fromthe Kelly Creek District. W also borrowed a
Pionjar rock drill and bits, along with several cases of dynamte (60%,

bl asting caps, primer cord and a blasting box. A Calvanonmeter was used to
check the continuity of the electric lines. Channel profiles were run on
barriers 1, 2, and 3.

The next step involved the briefing of the crew on the plan and necessary
safety neasures. Safety was especially inportant since we were working al ong
the 500 road.

| npLenentation Phase

On September 4, 1984, we began treatnent of barrier #4. The design pool was

measured and using the Pionjar drill, nunmerous holes were drilled for each
pool, the charges were set and blasted individually. This allowed an
evaluation of the results prior to blasting the next pool. Drilling and

blasting the granite rip-rap at Site #4 took one day.
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Figures 13 and 14 :




On September 5, we began working on Site #3, Eldorado Falls. W soon |earned
that drilling and blasting in basalt was quite different fromgranite. The
existing layers separated by fractures, caused the drill to stick, and pools

| arger than neasured were blasted. The fractured rock al so absorbed the shock
so that the blasted materials remained in the pool. This material had to be
renoved by hand. The same problens were encountered while drilling and
blasting Sites #l and #2. Due to the steep gradient of the face of El dorado
Fails, it was inpossible to stand on the falls and drill the holes, even when
tied-off to a tree on the bank. Figures 15 through 20 show the crew working on
the barriers. On Spetenber 14, 1984, the last pool was blasted at Site #. W
spent 1 week cleaning the fractured rock from the blasted pools.

Upon cl eaning the pools, it became obvious that some pool depths were not
adequate at all the sites. To renedy this, rock berns were constructed to
raise the water level in the pools. Rock berns were constructed at the
followingpools: Site #1; pools B, C, and D,: Site # pools B and C. Site #3
pool B: and Site #4; pools B and C. Refer to Appendix D through C

V. RESULTS AND DISCUSSIOi:

Sites Nunber 1, 2, and 4, were treated according to Dr. Oshorn's plan. Site
Nunber 3 was not, due to the difficulty encountered in drilling on the face of
the falls

Four pools were created at Site Number 1. Pool parameters are shown in
Appendix H, along with a schematic drawing of the results at Site Number 1, in
Appendix D. Mean depth, length, width, rock bernms and juxtaposition are
shown. Refer to Figures 21 and 22, photographs of the results

Four pools (A, B, C and E) were created at Site Number 2. Pool D already

exi sted (Appendix E). Appendix E presents a schematic drawi ng of the juxta
position of the pools to each other and their arrangenent in the barrier, along
with several pool paraneters. A complete |ist of pool paraneters is presented
in Appendix H  Figures 23 and 26 show the results at Site Nunber 2.

Dr. Orshorn’s pian called for creating 3 pools at Site Number 3, Eidorado
Fails, and enhancing a fourth one. ‘e created one pool at the site and
enhanced the other. The steepness of the face of the falls prevented our
creating more pools here. Appendix F shows a schematic drawing of the results
at Site llumber 3 along with several pool paranters. A conplete |list of pool
parameters 1S presented in Appendix H  Figures 27 through 30 show the results
at Site lumber 3.

B_asting of Site Number 4 was the nost successful. The 12 foot wail was
destroyed and 3 pools were created in its piace. Appendix G shows a schematic
drawing of the results along with several pool paraneters. A compete |ist of
pool parameters is presented in Appendix H  Figures 31 through 34 siicw the
results at Site MNumber 4.
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Figures 15 and 16: Upper and Lower photos show crew working at barrier #3,
El dorado Falls.
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Figures 17 and 18: Upper photo shows blaster Bill Wlls with holes drilled and
primer cord in hand. Lower photo priner cord strung out with charges set.
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Figures 19 and 20: Uppar photo shcws crewinan pitching basalt rocks from
blasted pool. Lower photo shows Bill Wells and recently blasted pool at
barrier il.




Corrective act’ions taken in 1984 at 4 rock barriers in El dorado Creek have
faciliitated upstream passage of chinook salnon and steelhead trout. Barrier
Number L is considered essentially corrected and will require no further work
W th explosives. Sonme pool berms at Site Nunber 4 may require additional
reinfcrcement W th larger substrate materials. This site will be eval uated
after spring run-off. |f additional work is needed, heavy equipnent will be
contracted t O compliete the job.

TABLE |
Specific Areas Needing Further Work in 1985
te Lumber
1. Pool A - Increase depth and reduce drop
2. Pool B - I ncrease length and depth
3. Pooi C - Adequat e
4, Pool D - Increase |ength and depth
Site Nunber 2:
1. Pool A - I ncrease wi dth, depth and drop
2. Pool B - I ncrease depth
3. Pool C - I ncrease depth
4, Pool D - Increase wi dth
5. Pool E - Increase width
Site Nurber 3:
1. Pool A - Increase depth and lessen drop
2. Pool 3 - Construct
3. Poci C - Optiona. constructicn
4. Pool D - Adequat e

Coirection of pool berms (pl acenent of |arger substrate
materials).

3arriar lumbers 2 and 3 are considered partially corrected. Total correction
wi_l involve ennancement of the pools created in 1984 (Table I), to comply with
design standards (&ppendix C).

Corrective actions at Site Nunber 3 are consideredinconplete. Those taken In

1983, weresuccessful (Table I). However, to totally correct this barrier, 1
or 2 pools will be required aiong with elinmnation of the splash rock (Appendi x

0.
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Figures 21 and 22: Upper and Lower photos show the pools created at barrier
#1.
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Figures 23 and 24:

Upper and Lower photos show pools created at barrier

18
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Figures 25 aand 26: Upper and |ower photos show pools created at barrier #3.
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Figures 27 and 28: Upper photo shows entire falls with rock berms and pool.

Lower photo shows upper and |ower pools. Note steep face of Eldorado Falls,
barrier #3.




Figures 29 and 30: Upper photo shows upper pool and rock berm Lower photo
shows | ower pool and rocx weir. Note rock weir already starting to catch
debris.
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Ui ts at parrier #4.
d 322 U pper and iower photos shows the res
Figures 31 an ;
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Figures 33 and 24: Jpper and lower photos show the results at barrier #4.,
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A Vicinity Mp

B. Project Area Map
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D. Schematic of Site Number 1
E. Schematic of Site Number 2
F. Schematic of Site Nunber 3
3. Schematic of Site Number 4
H  Pool Paraneters

Report by Fish Passage Consuitant, Dr.
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(2) Crocked 7ork , a #'/ZaZbrj of Hbe. Lochsa.

Rwer, with *he sites bemg located, Morteast
oF Powell Ranger Stalon. .

//yﬁa,eMAr/eN PRoOv/IDED
() E/dorazs Creek : _
@) 874 ﬁ%::t propasal wih general projecl
descripleons, locaZion Tnafs, and. £R
(8) Mine Flaw reasurements s (979—/980
From he STpRET File; and

(€) 7we phordgrabhs of Hie ermesz
bamfir site, oul of )%w?j/:f/z‘%.

(2) Crooked Forb oF e Locksa AKver :
@) f/{ai‘og@é oF ach oF e seven(7)

arr/ers ;

(b)) Q locaZen 7 of e seven barriers;

@) Seasonal H/ew 4»14.95/3 oFF Crooked Zont
Hows when Stes/head (. /9//4'1 -zl//dy) an
ffﬁ’wﬁ (Tily - September) are migraZimg,;

(@) An aerial /ébdz‘eyr#é of Hhe site ///Z'/'m%.

ANRLYSIs OF BARRIERS

ELDORADPO C&EE{
The barriers Consisl oF a tair oF basald rock
a,/br ons , 7he wlber mosZ or which has a sere8s
of vertcal a//v/.s as /azye @as A4, durmd y»
Hows. The [ocalens oF He Fpur (¢) siles are
Shewn in 7he Stereh ovihe we;:zz’dfe_ and are.
rumbered m an wphsream cbrecen ror casalogins-



No- | FEATURLES

/

2 | Tust wupsrheam oF Silal/ and Conliieus

&

-~

| Gdorads & § Croakad Fork Bariers ¥

N

BARRIER SITE DESCRIPTIONS

4 ELDORADO CREEK.
BARRIER SITES

LOCATION SKETZH

WK,

Basalt Flow anth Aow
ol side, curved /e ft* bonk

and. over a humpom e rahl. Sec./7,
Shallsw debp/h and fgh ve/scrlies. 7-34,\/:
REE..

2

o 2. Shallow Sheel How duwnsieam
part wilh several low drops and. pools i
upper art, Shallew H, Seor la y
/ao/ (/;) at /fower f[;d?uos I z;m.e).

]

3| A high velocitiy, shallow chaze #at

Grope 9-0" in'about- 14 Some. shelhead, o4 o0 !
Can maky fassage /¥ Yoheir fasps —ﬂoo

are optomiy:. Shallse depy prevents kst ce ST,
Chinsole Dassage..

4| 4 7-0' falls complicated wik laszge road rock which fas
Z1arrowed Yhe e. Bedrock beneal Shalbsw dseonsirem
pos/ /”Wﬁ y/. 'ﬂyduﬂ'nj Low Aow, as dbas rock aZ crest. Sl

i

¥ Note . Stream Hows convention dencles feft and rigic
when [feoking d. T3 /5 HHhe reverse

oF e oireclons of FIsh mmegralew:
SUGGESTED CCRRECT/ENS

S/7E MO/ (Details on page 3) T )
SITR 2 UPSTREAM,

Could blast a series oF MILD 2 SLoPE J

Hree pooks dewn fheript  RIGAT l
side ) but chinecok athaddon caseT

V22278

Flow /s dewn Ybe 77 side . A

Thererore, wik /£ss bastng
Q seri8s oFf Smader peo/s
@nd arebs Can be Constuclod
down fhe whser part Hrom.
7he Crest (A) 7o Fhe exising
Hrough (B). Foe Frough should
be cleaned and /éoo/é ]
Sils created as needed(c)

7o (rmn). /esz%zfcalf
shoeuld be cu?” out o7 He
Main basalt Alew beside e Z . LOW Flow

passage Channel and. fools, e 70




{_ Elderade Creek é" Cr-~ked ork Zarriers %
-
JD _PROFILE. ALONG LEFT SIDE. oF SITE No. {
(NoT To SCALE)

‘ 4
\ REST. PooL.
== :7"\ s B

v =

N ' ¢ Prol Crest(s) b

| - (siLLs)
“ 6~ e: 'l\. -_—- ‘ — 9
PNy S ——
|Socwrionn Ar Sire no. 2 Scde — -
rafi/e along Hhe réw/éazﬁ

I Survey e kst bant b

Flol 7he /érorzé arnel 7ben sz" /bdd/s é-8°/ :
(pretetasly 87) absut 3-4' desperin the #aam
6)94(. ﬁ)an 7he owuller cres? (siLL)elfev

Poeols should be aboul 6’'wide . L

I Notehes Fer How over sills should be %
aboul 37 pide and slope u,bvbﬂe:il&s).
® Drop /n elevatiin behueen sils Should =il
é/z.a_boat 2’ ard Fall faces should ,,,(/'ﬂﬂ;, R
be cleaned verlcally Ho aveid R

d/‘s#a.cé/hy sh/lashes’ PROFILE.
® F.t e /owesz‘/éca[ near (8) /nto He , l

EX/57hg Froudh.
O Modify The Frowugh(as needsd)b crears 7044’ assage

a Couple or/éda/s & Sds. (may need’/-257ps).

y/37)
® Gy deepeing Hie crranne/ ﬁuan/s Hhe tbsrream end
Hhe 7ish Should be able #5 suwm 78 He Fist
fésf/ﬂj/éogz near (5)
v 9 3
: F1sh can mate & 7o (A)az" v Nererd® ;\’@ -/) ¢!
ﬁ?e u,b;er end o/" S/TE Ne. £, Y
aj nméd‘ﬁ Do Mesa\ /\ MAIN
77:e sm éj"/ ai'/B} e i,durmr 6 FLOW
Hhe main over a 3-4%als ’Rcua Pt o
7&/}» wel rlew dewn 2 Frough A X 0 B’
#;e noteh at- D’ szaZAZm ouTcrar
74’&777 B AC weuld repuire —
deepening and en[a/y,;-u #5&- ChuTE 5;222‘6
/ol/: @t B'and C. Poor/e f i 5( FACE.
CondeZions exst at B! An nm‘/re f
//’ A

wmldéeﬁaéanam/enbryeﬂem »
{ bedow Junti e’ renet ( ;%M

Fom B’ kb D, enlar rasge He boo
U and. Hhe ' nateh W%sm/w SxETCH ezsrr:-. No.1
AN -



@ EFxcavate sttt 3'wide and

@ Excavare ;aa/ abou é-87

~

[ 4 £lderads Creek ;,’ CPoked Fork Barriers %
So U TIONS AT SITE Ne. 2
Suggested excavaZims by PLAN VIEW %
é/a.si'/'ﬂj are shown by delled AT C
(-++) dirés in sketeh at right Fo. %
@ Excavatz restmg pool t;és#aﬂm o \

ar: NoZeh by (D). 4'deeh, by
8 /oma (acress -r%w)éy 6 ‘wida
(indirnclion oF Flow)

L'dagl s Ao s2tybiss
Fowards s/ ﬁe/e /;/4‘5147‘

d/'ofs m 7 /ao& 3.

Spuare dnd 6'degh Tor
‘ e be For How Hhroush
ﬂofz és. 2.

@) Clean out ond dechben Fvugh
(especially aZ upspzmam & ) PROFILE. ALONG
ror 7/sh assage. 77om (B’) # (D). m_

@ F FPoss/IBLE, Make 74& oF small 7’5[/5 LOGKING UPFST'KEAN{

Z)’ZZ’ | verlical and. clean o7 amy s/‘bﬁfé

@ é-'n(a,rye and c/ee/ben /6,,,[ - wil make d‘ea.rceﬂ‘gr
Fish th ecther feap o fool beside(C) or seim ,é
Frough @ and leap fo peo/ O Hroush noleh &
Moke Pool & abeut 8B'x 8 and &'dssh -

SITE ANo- 3 #ah velociy chute
Fust 4765#84»7 oF 90° bend Fo fert
in Eldérade (reek. Small, but
qesp /bcal constriclid by large
r8cks a’%asiz.ém ez alt
tase of basalt cff. High fiows

ass areund large rocts 44”5

/gase ar’cé‘r’;-‘ags well as dswn -
/M JI/M chamnel % e At L Ll T
Bedding plans in chute rock
and shore diagenal aewn 72

HAerppl. A 5/57250’ rock at e T L ¥ el
base. of Hhe chute (just lerd oF {

center)may aisorent /edzb/hf. <

SoluTions ave dscussed on page S “'5@ 4




[ Etdorade Creek § Moked Fork Barriers

Pow ers 2 recently drscussed he brotile jemeﬁy or 7%/
£ /dorado Creek *barrer in His S, oF mew medods 1r

migraZen barrier analysis. Fig”t Shews He vorie
with leaping Curves 1oy steel/lhead in ditférent
Condlilien (71earness o being rife). 7he “Condiliom o He.
Ash “ CCAe) or coetficert of Fish condiZion & relaZed
7o an eslmale of rHelr eafd&'i/'/ 75 Swim burst

ro/onged and Sustained speeds 2s related o e
a3 tarce. 4 have Fravedd +rom Fhe ocean (hearmess
spawning siZe), and #he Fmve fo spawning: e Hwo
sets or Curves, based on ;—7'@/&&0# Imachaniss
SHew *hat /roéaéé/ only Hhe strongest SZés/feacl
(CFe = 1.6¢) /ea,é/hy &t 60° wewld Jand vear 7€
Crest anid, 2Xeculs a sweeessiul assase. Seme.
MGht be 2ble A swim e lost by fest F e

o scharqge was e erowsh Yo provice a/ef«aa? Lodt
d&/b/ﬁ.: “y =7 / ' | 7

SPECIES: Steelhead trout VFB: 26.5 fps
— =— —Cfc =0.75 Ctc = 1.00

Eldorado Creek Waterfall

-

Approx. Water
Surtace Proflie

Height of Leap(tt)
N
T

N
| 1 S N TR UH U NS G T, 2% T B B |
Origin di 1 2 3 4 § [] 7 8 9 10 11 12 131 14 18§ 16 17
of — i X “I
feap Range of Laap(ft)

Figure 4. Eldorado Creek waterfall superimposed on steelheaa leaping curves.

D powers, PD. 1984



4 o

JF_we consider b/asi'/h_q*a. channel dewn The frce. of He
Chule, 7he 7mean l/e/aa'g will be :

V=A49/n RY3S% where: 77 rousfiness Creff. =0.0¢

R bydr.radivs = Flocw frea.
Wet-td Fermm .

Assume chan. 2wx3D: S : Channal J‘/a/be = 7/4'= 0.50

= A = 3Xx2 . -5";

Eldarads Cresk f' G‘o& Fark Barriers 6/8

Va 299 (0.825)(0.50%° = 27458 ; Q= bu3)s 130t
o.04 To0 LALGE
Aok TS SITE

Burst Speeds: Chincet = 2345, Stee/head, » 27ps. ..
STEE.HEAD Could Scwim 4b He 3xz chde chamrel,
bis Hows weuld be Foo shrllsw for Chipcok
cdering Hhe [fow Hsw migraliow season -
SowuUTIONS ¢ .
A better alternalise would be To blost a Series of three pools
down the [oft (south)side oF He Larrer &gainsT 75€ <777
. Runa profile dewn The /eft side. from A—sa8.

2.7 fo locate alow point inThe prefie
behween (A) and he cres? which

7o start The /u/s. ,{
3. Cut The /605/5 as shewn 7or e g
Site Me. 1 on page 3. 5ame dype

t - 5P

£ 7he First #wo peols frem The
lower Seol up’ Powards e cres
can hbve /dabs oFf 2-3 and
e fast ene'can make '»Zi
aiFrerence. 7he roxymade .~ .
/Drcr'de. /5 shewn b u/f on e rg/zt,\ ~——— -

PLAN VIEN &F
5. Remove the splash rock. Aeave MQDIFIAATIONS
ather two larger oul arops.

CRE:
)
E‘ ’ RoCX

6. Stack the largest rocks avalble
and add.e #Hem Yo The dewnsiream PROFILE
e o Farm aleese reck berm as Existing water surrhee.

Shoan i The steth. Miswdjm”iz' A "

e fower beol elevatiom an w’uath 3rd boo

Jeaping £ er into e Frst pﬂ%mw ufj.%fg}"—
5 ! - Sy

an g P LW L _.__”7

N TN oy — RN p— ? \ S —2%r3
(Come omciter i agaimst e © < % bem s e
Sream Sioere HeLh reduce GeoD
harm. T, Buid a leose rock Cear
@Uﬁl‘&uy/’ e rock Tyw;de wa tl (’bsm’”ﬁ l#‘

Leap excess Fow oul of peals.



> &/ orad. @veek & Crocted Park

Sthee/head wil be beztr able h lezp the falls witihe
rece berm in place, oo, because Hhe Faiduater (fod)
wid rise faster #an7he headwazbr. ’

SITE NMo. -

This  rads cewld be /ba.s.sd/e. Z:‘Edw aF Aigher Hews,
buz is definitely a barrier when He ped depth dounstream
/5 kess than Ber4! The cbuicus 5716/35 7 impreve /64.55455,
are: () Blast a 3-4'pee/ about 8'Sguare ot
He base of #hé falls; d
e move Fhe rock Hem #he conter of e
falls crest, and. #he Smaller cnes in 752
wpsiream /baa/ ; rocis o the ritnd
2) Kemeve. 7€ er on jne rant
¢ of 758 %‘Z/sbge.st 7 allsw everfows
72 g0 swn HAe /"gét Seae ), and '
@) Remeve Jocse rocks From He dm"?&?ajz‘”
pool area and lace Fhem on Hoe e
end of 7he 72 crest dewnsream o7
7%e mmfwz Arrarge. foe rocks o7?
road+ill #s form stable overtlow Ay/d.fs
durimg higher flows. and.

(5) Clean (blast) ek Hem under#ace oF walerall

which causes Hlow T be derleclid. Waterfal

et Should have a clear :‘m/ectdy 7 e
/%unje /500[.
Seme /Sba/aaorzgéds are d.//bendel which are marked
# derete Seme o7 e preblems menZened above ;
alse, Color slides are appended /n a /MrsZc', el
Whrch Shéw Seme oF fhe Same Fedlires.

7he numbers on He photes Lorres  fond o Hhe numbers

on e Site Ske for S17ES /-3 ») e Ffexl.

THE REPoeT o CROKED FORK. BARRISLS Uit BE&
SUBMITTED SEPAM?!L/.

76



@w"‘&t Fork, ,‘.' Elderado Cresk o Ea

HYDR=2LEGY 6F ELDCRADO CRESK :
]

FLoW DATA FROM STOREr CL /2o § 4.5.&S. REcoRDS

wo. /3339500
IRTE | ELDOCEADO R . AoLo. CR . GAGE CLEARUATER R.
£Low Cers) FLow (c7S) GAGE (Crorme) (crs)
70-25-79 8
3-12-80 9+ 554 5580
¢4-7-80 Y/ 638 S/40
4-/7-80 250 934 /108
5-27-¢0 338 (18c0) 3390 (26) [ (29520) 373c0 (267h)
7-30-80 3z 94+ 3oéa
9-9-80 23 63 /570
9-/6-80 23 &7 /7%
MEM FUN (980)3 213 8B o 1994)
. v 7656 crs o
: LonG - TERM 7
PH BN PA
(;\Am ‘)LGITEDAA’” GAAAA AAAA LA_i‘A_fA) H] 8939 (-79'

SMONTHLY FLOWS =
LOlo CR. GAGE WNo. /3339500 LowW. AVERAGE AND HIGH FLOW YEARS

WATER | MENTWS  OCT Nev DEC JAN FEB MAR APR MY JUN JUL AUG SEPT
YEARS
Low YEMR
/900
Q, Ar= 313 % 59 106 1 286 491 T81 172 663 181 Tl 8o
Yo Ar. 024 oi) o471 683 691 /.57 2.50 2% 27T 0.58 a3 &2
AVER. YEAR
1981
Q, Av. 3285 57 /23 338 23 boe 387 563 455 787 42 T 54
Ve Av. .47 038 104 ol 186 119 1T j4e 43 0.8/ 0.22 od]
HIGH YEAR
1992
Q, Av. 448 cfs 73 18 247 me 957 684 1062 loch 443 240 13 5
Yohver. 0db 026 0.5 s4L 2.4 19T L.37 226 116 6.5 di6 o/d

FRon| GRAPH oN PAGE 9, Average Annual Flow
From Clearwaidr %]3 : Eldoradp Qreek = /20 cfo. a——ro

STEELYEAD MIGRATIEN FLONS (APE-MAY) *(1.8-2.5) Aver. Flew
T =120 - Joo cfs -+—

Cindock MrarATIeN FLows é\mv - AUS) (e.20 - 0.80) Aver Flow

2 24 - 96 cfs—e—ro
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Site no. 4
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APPENDIX D
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B. Site Number 2

1.

&

Pool A(Upstrean) Designed Measured Ireatment
a. length 6 ft 9 ft. Adequat e
b. width 8 ft 6 ft. | nadequat e
c. mean depth 2-3 ft 1.4 ft. | nadequat e
d. vertical drop 2-3 ft. 5ft. | nadequat e

to pool (B)
Pool B
a. length 6-3 ft 9 ft. Adequat e
b. width 6-8 ft 5ft. Adequat e
c. nean depth 6 ft 2.1 ft. | nadequat e
d. vertical drop 1-2 ft. 2 ft. Adequat e
to pool (C

Pool C (Not designed)

a. length 0 4 ft. Adequat e

b. width 0 4 ft. Adequat e

c. mean depth 0 1.1 ft. | nadequat e

d. vertical drop 0 1 ft. Adequat e
to pool (D)

Pool D (Natural condition-not treated)

a. length 0 6 ft. Adequat e

b. width 0 3 ft. | nadequat e

c. mean depth 0 4 ft. Adequat e

d. vertical drop 0 2-3 ft. Adequat e
to pool (E)

Pool E (Not designed)

a. length 0 5 ft. Adequat e
b. width 0 4 ft. i nadequat e
c. mean depth 0 2.1 ft. Adequat e
d. vertical drop 0 2 ft. Adequat e

to main channe
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Appendix H

: . ¢ Designed and M { Poal
Parameters by Site after 1984 Blasting

Site Humber 1.
1. Pool A (Upstream Designed Measured Ireatment
a. length 6-8 ft 6.5 ft Adequat e
b. width . 8.5 ft. Adequat e
c. mean depth 2 ft. 0.75 ft. | nadequat e
d. vertical drop 2-3 ft. 5.0 ft | nadequat e
to pool (O
2. Pool B
a. length 6-8 ft. 5 ft. | nadequat e
b. width 6 ft 6 ft. Adequat e
c. nean depth . 1.3 ft. | nadequat e
d. vertical drop 2-3 ft. 2.5 ft. Adequat e
to pool (O
3. Pool C
a. |eng[h 6-8 ft. 9 ft. Adequate
b. width 6 ft. 6 ft. Adequat e
c. mean depth 2 ft. 1.6 ft. Adequat e
d. vertical drop 2-3 ft. 1ft. Adequat e
to pool (D)
4. Pool D
a. length 6-8 ft. 5 ft. | nadequat e
b. width 6 ft. 8 ft. Adequat e
c. mean depth 2 ft. 1.1 ft. | nadequat e
d. vertical drop 2-3 ft. 1ft Adequat e

to main channel
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/ Site no: = | \

Rock Qutcrop

WITIIEECCrCl ) e ce ot

"Scale: 14in=1foot



Site Number 3 Designed Measured
1. Pool A (Upstream

a. length 6 ft. 5 ft

b. width 7 ft. g ft.

c. mean depth 2 ft. 1 ft.

d. vertical drop 2-3 ft. 5-6 ft.

2. Pool #2 (Designed-Not treated)

ft.
ft.
ft.
ft.

a. length

b. width

c. mean depth

d. vertical drop 2-
to pool (#1)

[N I N Nep)
OO OO

3. Poal_#1_ (Designed-Not treated)
ft.

it
it

a. length

b. width

c. mean depth

d. vertical drop 2-
to main pool

WP~

4. Pool B

. length 0 20-25 ft.
b wi dth 0 35-40 ft.
c. mean depth 4(+) ft. 4.5 ft
d. vertical drop g ft. 2 ft.

| nadequat e
Adequat e

| nadequat e
| nadequat e

To
To
To
To

To
To
To
To

be
be
be
be

be
be
be
be

treated
treated
treated
treated

treated
treated
treated
treated

Adequat e
Adequat e
Adequat e
Adequat e



D. Site Number 4:

1. Pogl A (Upstream Designed Measured Jreatment
Not designed 1

a. length 0 9 ft. Adequat e
b. width 0 8 ft. Adequat e
c. mean depth 0 1.2 ft. Adequat e
d. vertical drop 0 3 ft. Adequat e
to pool (B)
2. Pool B (Not designed)
a. length 0 5 ft. Adequat e
b. wdth 0 4 ft. | nadequat e
c. mean depth 0 0.4 ft. | nadequat e
d. vertical drop 0 2 ft. Adequat e
to pool (CQ
3. Pool C
a. length 6 ft. 6 ft. Adequat e
b. wdth 6-8 ft. 4 ft. | nadequat e
c. mean depth 1.4 ft. | nadequat e
d. Vertical drop 2 ft. Adequat e
to pool (D)
4. Pool D (Natural not designed or treated)
a. length 0 Adequat e
b. width 0 Adequat e
¢. nean depth 0 . Adequat e
d. vertical drop 0 0 ft. Adequat e

to main channel
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Crooked Fork Creek is one of the principal tributaries of the Lochsa River. It
contains the bul k of the remaining high quality spawning and rearing habitats
for anadromous fish on the Clearwater National Forest. It is estimated that 25
percent of the total chinook salnon and 25 percent of the total steelhead snolt
production of the Clearwater National Forest emanate fromthis drainage. The
long-termability to restore anadronmous fish runs to the upper Lochsa systemis

dependent upon increasing the availabl e spawning habitat in the Crooked Fork
Dr ai nage.

Recent stream and habitat eval uation surveys established that several natural
wat erfal | s and rock chutes total |y preclude upstreammigration of spring
chinook salmon during late summer low flows. At sone high flows, summer
steel head are able to negotiate the barriers.

Seven major barriers and five partial barriersswere renoved during the sunmer
of 1984. Deep cake-of f pools and resting areas were created to increase fish
passage. Some of the barriers will have to be re-evaluated to deternine if
additional blasting is needed to provide full passage.



Crooked Fork Creekis one of the principal tributaries of the Lochsa River. It
contains the bulk of the remaining high quality spawning and rearing habitats
for anadromous fish on the Clearwater National Forest. It is estimated that 25
percent of the total chinook salmon and 25 percent of the total steel head snolt
production of the Cearwater National Forest emanate fromthis drainage. The
long-termability to restore anadromous fish runs to the upper Lochsa systemis
dependent upon increasing the available spawning habitat in the Crooked Fork

Dr ai nage.

Recent stream and habitat evaluation surveys established that several natura
waterfalls and rock chutes totally preclude upstream mgration of spring
chinook salmon during |ate summer low flows (fig 1). At some hi gh fl ows,
cumzer Steelhead are able to negotiate the barriers. However, fishpopuiacion
surveys indicate that successful passage of steelhead is infrequent and of iow
nazaitude. Juvenile steel head dens: ties are nuch |ower above than below the
varciers. The darriers Were selectively deiilled and shot with explosives in a
sanner that creates stair-step resting’ and take-off (junp) pools.

DESCRIPTIO! PROIECT ARE

C..coked Fork and Wnite Sand Creeks reach confl uence near Powel |, |daho (3,500
rv. elevation) to formthe Lochsa River (figs. 1 «2). GCrooked Fork Creek is
In ract a small river deaining approxi mately 93,000 acres of the Bitterroot
louataias and covering some 24 m |l es.

The Crooked FOrk drains a variety of landforms that include glacial, valley
t-ains, Steepbreaklands, colluvial drift slopes, and alluvial flood plains
3reaklands and al luvial plains donminate the watershed. Granitic soils of the
| daho Batholith typify the zeology of the area. The streamflows through
dense, wixed coniferous stands or' western red cedar, Dougl as rix», Enzlemann
spruce, unite pine, ponderosa pine, and larch. A few deci duous species are
present within the riparian zones.

C:ovized Fork has experienced extensive :imber harvesting and road construction
o~ the past two decades. :lost of this activity has been concentrated init’s
1 cuer reaches and in che Brushy Forx suodrainaze. |npacts associated with
sedimentacion and over-ha:vest:az | N tas riparian zones have been noderate

The upper .~eaeaez of Crooced Fork are |ightly devel oped and are in a pristine
condi tion

The Crooked Forik Yatershed is uader cae manazeaent of zixed ownersaip; the U. S.
To.est Service and P_ua Crz2ik T_.ada.~ Conpany. Crooked For.z is cnaracterized by
a checkerboard patiera woth Puua Crees owning some 34, 090 acres (233).
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The Project area is | ocated approximately two mles upstreamfromthe
confluence of Boul der Cceex (T. 38 N., R 14 E., sec. 14). The area is
access.ble oniy by foot or helicopter. Wthin the project area, Crooked Fork
displays a zean discharge of 221 e.f.s. durinz Steel head spawning (April and
Ylay) and 37 ¢.f.s. during the salmon spawning period (July 15 - Sept 15).
Crooited Forit 3h0ws a mean sctream W dth and depth of 26 feet and 0.7 feet
recpec_vely (baserlows). Wthin the project area, the creek had gradient
with a nean OF 3.7 per-cent and range of 2.0 percent to 6.2 percent.

The streaa substrate Wi thin the project aiea, consists of larger materials
(3edrock 21% Bouider 26% Rubble 419 . Above the project area, Crooied Fork
d:cpiays a lower gradient and smaller substrate materials which provide good
spawninzareas. Most of the Crooked Fork barriers consists of long 15 to 30
I't, steepiy inclined, granite rock apron8 chat contain no junmp pools or resting
areas. At lowfiows, only a chin layer of water flows over the aprons (Fig.

3). Extensive rear:ingareas for juvenil e salmon and steel head exist above the
dari.e'd  Provisionz of access will open up 16 stream niles consisting: of 78
acres or reac~ing and 0. 93 acres of spawning habitats for anadromous fish.
Accumin; tihie availadmiluvy Of seedinsy Stock or increased escapement t O the upper
Lo casa ai-2a, the project wouid increase the systenis snolt production by 27,000
sa.aon and 27, 150 steeinead.

METHODS AND MATERIALS

Ti.e Crooxed FOrk pro ject area was examined in late July to deternine e2quipment
nzeds, prepare a helispot, and marx the aigration barriers. Only one area was
lccated for @ heiispot (Fig. 4). OnAugust l, initial field activities began
W.th ctransporti Ng equipmeat and personael to the project acea. A base camp was
cet up adj acent to the nelispo: (F=3.5). Worizcrews hiked in from t he C..ooked
Forg road (595) whicn WAS approxiunately ONe mile from base caap. Add:icional
equ.paait and personal Zea:r wa: carcied to base canp

Du.inz the base cazp set up, Fo:rast Service personnel and Consul tant, Jaek
O-soors, P. E, surveyed the p:roject area t O deternine how to nodify existiag
Ja.ciers (#4-7) GO provide opiiaua fish passage (cee Appendi x B). Five cmailer
barriess were aiso _ocated and discusced. The placement of drill hol es and
aodificat.ons were di scussed w.ch personnel. Due to tine iipitasions and
veataer CON3 it ions, opasreirers #1 % 2 were NOt cxanined durinz the initia:
€72.Ua:_0n.

Tie 20dircat-on wo.sk startad On the dounst~eam barrier ( #7) and progressed
upst.oean One axle o oavcier #1. Driiiing and blasting bezan on August 2, and
-oceeded throuzhout Auzust. 32qu:pment breakdown and pe:'sonnel on District
.25 el zended t he Projact complerion tine.



Figure_3 . Actual view of partial barrier No. 1.




Figure 4 Location of canp and helicopter landing site, upper Creek Fork

Figure 5 . Helicopter being unloaded at canp.




3r1lling which was done by a two wan crew Was the most time consum ng part of
the p-oject. Usinz a Pionjar 120 rock drill and drill bits ranging from1 172!
o 4' _ony, blasting noles were drilled into the barrier substrate at
predeternined locations (Fiz. 6). Depending on the barrier size, the barrier
was e. ther drilled and shot once or cﬁi Il ed several times wth blasting
perroraed whenever- enough drill hoies were ecreated. On larger barriers with
zeveral obstructions, one obstruction was drilled and snot at a tine to
evz_uate t he modif:ication.

3lasting was achieved Dy usinz water gel, primacord and bl asting cap3 (Fig.
7). Acertified Forest Service bl aster, experienced in rock blasting, |oaded,
set up, and shot the drill noies. After blastinz, crew menbers hand Ri cked
Sou.ders and rock fragnents out of pools (Fig. 8). The material was either
p-aced On shore Or pushed downstream  Natural scouring in the spring will
eventua.ly dislodge any renal Nl Ng materials.

Ju;.n3 toe project, before and after photos were taken of each barrier.
Add.z_onal phot 0S snowing ereus dri:ling and working were al so taken.

RE D DI 10}

Approzimately 252 saot noies canging froa 1 1/2 ft to over 4 £t deep were
i:2Z.ed on 12 parriers. Abou:z 170 ibs. Of water geli Were used togetne-~ With
priza2ord and biasting caps ia 23 separate charges. | n nost case3d it was
nece-3ary t 0 biast each pool several :imes to achieve the desired resuits.
iZva.uatiny the five smalier parriers, it was deterained that the resulting
nodification: were successful. | N 2aen case, iarge juap pools and resting
a.eas wese coeated and nNo Iish passage proo.ems Were observed.  Res tin.; areas
aai junp joo.s were created .n the ceven large barriers, but severai pools need
c7iluat .on next spring t 0 deternine if pool depta i s adequate. Barrier #5 was
ta2 zoot difficuit barrier t0 achi eve desired results. The initial blast
cueced tae entire fiirst step and crsated 9 aigher falls. Additionas blastiag
zed @ szasi junp pool on tas first s:ieps, OUt aatural SCOUri NG is needed tO
e2nen Lie pool.

[N]

o oy |}
w

r'as.low.n3 i3z a nacrative of the resuits and fucure needs of each barrier.
=2 0ozdorn'z (Appendix B) report foo diagrams of barriers U4-7.
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3rc.20 ¢l was not an extreadiy dirfflcunt one for caianoxk sailmon 2aszaze and no
.obagiy for stezelhead passaze. Tuo 2-foo:t deep pools were created on the left
~-de ol the darrier (l00Xin; up.iream) and shouird pose no future p:roo.eas for
21L390.0 za.uson. A chaanel was aiso clearad on the right side of tnis darrier
Lo prov.de an additiconal pat.way (fizs. 9-10).
add.tlonas wori.
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Fizure_ 5 . Dri..lng a noie for expioxsives using a Pionjar~ rock drilli at
Site No. TA, Crooxed For.: Creex, 1934.




F.sure_3 . Renovins _ooLened :rock in barrier lo. T.

Fisure_9—. Pre-d_a.iins /.ew OF dasvier Yol 1.




er llo. 1.

" -

“eW of ba.r:

n3 v

-
~ -

Fizure__ 10 . Post-Ddla:c
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Figw-a_ 13 . Ae-~lal vieu of site No. 2 (Pre-plastiag).




Figure_ 13 . Downctrean view of darrier lo. 3.

Fizure 15 . Unosccean vieuw 137 ozrrier No. 3.

(15)



Fijure_ 17 . Pocs-o-2.tlny vlew of barsier No. 3.




Fizure__13 . Upet-ean v.oew oif barrier lo. 4 (pre-blasting). MNoce snal. a.der
orancn used fer aarsing doiili doles.
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Fizure__23 . Post-blasting v:eew of parriar lo. 4--3ide channei.

Fosuc2__ 28 . Aerial vlew of darrien llo. 3 and lo. 4 (pre-bd.asclaz).
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Figure_29 . Pre-plasting view of barrie.~ No. 5.

Figure__30 . Pos:-b.astiag v.eu of sacrrler io. 6.




Figure _31 . Vi.ew or dacrier No. 7 after the ficsr diast.

Flzure_32 Pozt-3.aziia~ voey of da:rr.ar lo. 7
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I pacrtiai-darrier lNo. TA (upper end).




Figure_37 . Pre-v.azting view of par:-al-oarrien llo. TA.
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éldorade Creek .5' Creoked Ferk Barriers /93

CROOKED FORK

Fese barvier siles consist mostly of Sleping layers of
bedrock which cause depth and velocily barréers
Ror Chinosk durmq fewer Flows i Jily and August.

.fp addden, 7nany of #e barriers /rouc'aéa/
FUMPIng condilions at rhe bases’ because : €1)
e sels splash on recks and qre oVrFruséd;
(2) he 7ets strike He pool at a #lat angle akch
disorients leaping £ish; or (3) ne adeguale /uo/
/S avaclable from which % feaj.

targe boulders and rrreqular rock structire Complicatd
-m?ny cf the lbassaye /mZems @: C1) net Prpu‘d/hj ]
adefu.a.t‘e landing condctons’ £y b’ﬂf’hi fish;

(2) causing disconbnous Flew baths of ad depth
% neyoﬁ'aa“e hah velecities,; and (3) provi g unstable
Condilions Yer madify/ny the barrier (seme Solulins
may have developed /nfo ofher ﬁas:aye barriers.

The sitesen Crocked Fork aere visiled on 6/)/0¢. lafe
departure by helicopter only adlewed encugh tone fo
vist 5or the 7 designafed barriers (Nes. 7-3
Starting at the dewnsiream end). Parriers ) £2 were
olserved #wn/he ar dun'n’ e refurn /@Az‘ » Awel/
Kanger Stalin .

As #he site investugalion Zam progressed #sbeom Hom
fhe fowest barrier (Ne.7), €ach barrier was drscussed,
alternatve solilions were considered and recom-
mended medifications were marked and neted m
foeld bocks. ANumarous smaller and less ebvidus
barriers were moted, discussed and yarked Yor
Correclion besides #he najor barriers Nes. 3-7.
Alse, milial moedificalions of Yhe barriers
semetimes necessilated upsheam mods# calens

/m fhe chann€/s ¥o maleh Yhe Flow LaZ2erns wel¥
Hhe How path of ¥he meods#ed éarrf:r.




£Lldoradeo Creek. ,é Crooted. #ork Barriers /3

A Summary Qnalyss oF@ach of rhe barriers riscted
& presented with a. plar New sketh. and seckona/
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2o 1333, soc aades tae ausp.ces or che iortinllen: Power Act, the Clearwater
Hiae-wdan fo.oG:e and Buaneviile PouWer Adiminlsication entered into a coantractual
2 cetdude o0 Lnuarrvde anad.sodous r'ish habitat in three major tributaries of the
SovaruLies Rowee .a Zdano.  Two of che sucoeans enhanced were Crooxed Fork Creek
Zid daooe Saad Crzex, tooputacs-ei o the Loenhica River on the Poweil Range::

1 UL e

ag pr ©onjeet.ves o tac 1934 poroject were to evaiuate and maintain the
,..x:;4-¢d. Sevec Lee jado i che spring of 1934 played a major roie in the
SUoeless S JSie Of Th@ 3L.0uCtusTS.

--22ted z2ud unacyoed to determine the paysical difrerences in the
S loaltu. @l 0ag Jear al'terr Lasva.iatzon and tne habitat chnanges.

. 04dGo - S2POLo.L.@ Lo a.ntain structuses that had oeen wasiied on tie
ige f_uwe dul addliional t:rrees were feiled to enhance exiscing

sted Sud .nls.al docesvatlons of structures wanich failed, several other

SDe. CAla. wLIU2TUCo wWe.ee tasua.ied. Thnece siructures wiill be monitored and
le'.-d 5 1333 Lioueturen.
Zo DU OPLALUA, LG £3.USTUGS Lnstal.ed in 1933 had a positive erfect in

Zi1 Tué WG poujeet sticcawds and ve r'eic that this cechasque
A, Ireal pooa-L@ L 0unE 3T.ceadul. Where Low cost and reaote locations ae a
Cose -dE.,iTlon. Further @va.uat.on Wiili nave to be continued to deteruwine their
<ii'cze 2n 1'..ea pupu.ationz.

2
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hiiocl of Lal ol 2 .alf-cant producers of anadromous fish anong the basin's

St Su.i. we are Lo_g, Crooxed Foox, and Wiite Sand Creeks. Crooked Fork and
win.ze Saad Cooaas wee che principal producers of the Lochsa River system (upper
Covewe .o Blver) . Unde. ol3.nuz nabitat and escapement conditions - Lolo,
f..o.uca Foolz, Zaa¥3: ce Szad Creex:z are capable of producing 33 percenc of the
syl Liee acad uud 44 perceat of the total sa.mon smolt production on the

Fc.ewt. -

C.ooced Foit aad Wn.te Sand C.eek: reach confiuence near Powell, Idaho (3500

A

Joct doevailud) o0 Tora one Lochia River (fizs. 1 and 2). Both streams are in
a2l sliaew- fliess Wooh eaca dirainiag approximately 150,000 acres of the
B

~iee. 208 douncalns and coussing oome 24 oiles to their merger.

Bota < t.eaas acse caarac sexcized by a fl ow regime of wide anplitude. Orooked
Fori dlsp-ays a nean discharge of 3000 e.f. s. during the peak run-off period
aad 183 e.ivs. duslag tue late suumer, base flow, whereas, Wite Sand exhibits
an 2ve.aze -ow of 3000 e.f. s. during peak cun-off and 170 e.f. s. at base
g-_wo.  Wothoa ae pooject a.cea, Crooked Foiue ShOWs a uean st:eawm W dth and
depen of 34 rececand 1. 1 feet 2espectively (base fiows); whil e Wnite Sand
di.paays 3 wean w.dceh and depin Of 86 feet and 0.8 feet. Both systems are
caacacte:r.zad by simiiar channel zcadients With a mean of 1.0 percent and a
canse of 0.5 percent GO 2 percent.

Tae Projec: wireans dirain a variety Of landforas that include glacial, valley
L.an18, -feep voeag.aads, co..uvial drift slopes, and aliuvial fl ood plains.
3icas<.ands and as.uv_.a. plains douinate their watersheds. Granitic soils Of
the I daao Baviol fon cypify tne zeology of the area. The streams fl ow through
dedse, Jalzed ecniferous stands of western red cedar, Dougl as-fir, Engiemann
.p.ldoe, un: e pine, pcade.osa pine, and larch.  Few deci duous species are
p.resens w.thoathe ~lparlan zones.

-

C.occed Fooi aao eupe:r_enced extensive timber harvesting and road construction
£o rthe pal — o dseades. Mout of this activity has been concentrated in its
~cwer oeacaws and N ghe Brushy Fork subdrainage. | npacts associatedWw th
sed.zeacat.oa and oves-nasve.stans | n the riparian zones have been noderat e.

Tue uppeir reacnes Of Ciooked Fork are undevel oped and pristine. Wnize Sand
C.eex nas oa.y oeea devesoped i N its extreuwe | ower ieaches from Beaver Creek on
doiilei.cail.  Ito Beaver Creex t.oibutary has been exteasiveliy harvested and
roaded. Iampacc: tou Wasce Sand Creex Nave been miniwal, and it is essentially
soudlesc and poistine.

Boon wace. aeds ace under the uianagenent of m.xed ownersuip: the U.S. Forest
Scrv.ce 2ad Pouwi Crreeg Tonber Company. Crooked Fork is characterized by a
2accierboa.d patiess witn P_uu Cieeir owning come 34,000 acres (234). The
Fora.c: Service aduinicters 987 of tihe White Sand watershed.

Tae neaduute:rs o doth d.ra.nazes a’e located in either a wilderness candidate
ar~ea (Crocied Fork, RARE II) o.r a designated wilderness (Wnite Sand,
Sc.uny-Blotescot Wisderaess).

131979, I N incenuavse nab.tat survey was compieted on Crooked Fork Creek by
Puwe.l Dooi.izt perzoane.. Eupinosa (1984) discuased the nabitat anal ysis
deroved Croa tae Lusvey.

(5)
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Lo Lde JdoWaolioeal dang, gradieat of struccure, and
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3oups of Lozu were Te..ed aad cab.ed, oaly wiien at .ea.i 24"
we.'2 availadie and, dazed on preana;y:i; tne .ocation wou.d encu:e
€< and longevity of the st.couctuse.  Locan.on of addicooanal
5 c¢oacent aced n s du cnanae.s and otae~ _ow ve.sc.ly a.eas. AL
.~ed a. -ecs -han a 90 ans.e. ALl _.inb- were _eft on the

e rfo.aed by Jdropping the upsi.cean cree
.ee (fa_.ed upsu.rean on wcp of the £ ..ct tree) o
2as.edic tae stusip and 2. the junct _oa.

dowastrezi
S we.e

..de caannei: wie.e the 2hanne-. wodin wao

Twe down oocam "V'. wyere _nsca-_ed _n ¢
woCnLu a..0W the fa__.inz of tuo ..ee: o1 opposite dan. dowaus.'ean

aa.e
anid eaca owae.s - fa.maiang a downcs.eam "VM., Tiee: w2-e cao_ed ac
A3 234 &t vne Laseerest L.

c.ra. -zo3e voees veee fe..ed in -zachsr al anz.es Toeaces thaa 307. Holes
Were bored Invo cthe t.zes and at ieact f .engta. of 374" -ebdar we.e d:rilven

o ~3s. 0-9) using a Plonja. .oex driil. Tals mecthod haz
cntaning 3T.uciur’ed In pos.Li .ol On severa:r suseails on the
(Ma:¢ Lonzenbouzh, pe.sonal comamun-cas.on).
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A-=-hou3sn the onow pack during the winter of 1983-84 was 70% of norma:, w.nte.
tenpe:-raca.ces were ideas fo. crreating a heavy ice pack oa the Crooxed Fo:k and
Winlte Sand Crecx (fig. 10). Ice jan.. as nizn as 8 f% on ctheue steanc nad a
s2.rious 2ffect on che effec:iiveness of some of the struz:iures insca-.ed _n che
summe. of 1983 (fizs. 11 x 12). Icze jam:s may be a con:iauing prodbeen for cnos
ype ol suructuce but accordinzg e long tine resident: of Powe.., the ice jams
Juring the spring of 1984 were the diggest observed in flve yea:s. Genera-_y
chése Jjais are o4 the Locnsa River iLtseif not on oo c.o.outar.es.

Of tne 251 s:.-uccu—res, inciuding exist.ng debris st:ructures and live t:rees,

on.y 17 oiructu.ce: o0 77 Were couapiecely renoved .01 the.ce ancho.: po.nto.
Exisc.nz debrzs nad only a siizht.y h.sgher breakage ~ate (33 vs 63) (Tabie 1).

(7)
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Tabie_1_. Cumparison of organic debris with broken cables or rendered ineffective ane year after installation in Croodked Fork Creek and White Sand Creek,
1984.

No. Trees
Stresm Felled
Crocked Fork 120 11 1 17 iU 1A y 8 1
Vhite Sad 78 A —._9 17 21 L 1 6__ . 1 6
TUTAL 198 12 6 " 17 63 5 8 2 3
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Toca. lur.uce race for boih existiag ded.o.s and _-ve coees was 203. Overa. .
Iai_u‘e -ates on dnice Sand Creex and C.ooxed Forsk Creex we.e essencia..y .he

sape (225 vo 20%), bu: t.ee movenen: onid tne bank ia Waice Sand was 73 alsae.
Than C.Joued Fo.z (Table 1).

A.taouszia t..ces wasned up on the banx have no opportunii.es of provid.as nabitat

.a the :t.eam, 1t can de azsuned that some of the :reeu w.til biroken cab.es a:e
5ti.l in the system prov.ding nabitat. Genera_ly, trees thenise.ves broxe
oerc.e the cab.ec broize.

A toia. of 65 :rees Wwere activeiy scoucing one yea. after insta.iat-on and an
add_.<iona. 76 we.e p-roviding cove:r but we:re uugpended above tne wate.: .u./face
(Tab_e 2). Overa.i T1% of :he t:rees insta..ed wer e p.roviding some type of
aav.zat. Tae effect_veaess of exosiing deb:rls rena’ned nizh, 593 (37 of 63)
We.e 4t act.ve.y scou.rln3y and 247 (15 of 53) we:e suspended. A=aln, che
2. 2aced cuccezs of the ex.ciing deb.sis can be avs.o:iduced Lo no.eased
SLad.. .0y oJes Llve Loeesl at oae ¢.ae OF securing w.ocoa cable. Anothe. faaion
afrectiagz :he doffeence 7e tree. and existing dedr_s Lo vae faot shas
onm.y ex s> a5 deosls nal viae poov.dinT habliat wao secured Wil LT was
‘1possid.e Lo fa.. evesy Loee suel2:iofuliy oo insuce L would p.ros’de ilin
hab.za: cove.r a perlod of zima. Tae fota: aunbe-~ of sl uctures p.roviding
aablzar Wwlia _;ve Loeals and : :

g or 251
ns.ai-ed o 745, 3:touctures ..2ou..n3 cepresensed 393 ol the zwia..

@
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Sciugiure. act ve.y scouing nad a . ja .aean cove:r quasity and a 3-eate:r amouac
Or pod. habita: per si.ucture. A tota: of 10,856 sq f: of pool nabiia: was
cirealed by ctine l.ve trees and U763 of poo. habiiat by ciae existing deor;-
(Table 3). Hean depcthz of the poo.s We e siishisy nizher for ex.st.on:g deoric
seructure (1.29 ft vs 1.10) (Tadie 3).

Diooolbutiun of Class I, II, and III cover was even.y d-ct.o.buted in
2eaced by ~ive t.oees (335, 333, and 293 -cespec:iivesy) but pool. c.ea
eix uTong dedr s were predon.nant.y C.a.s IT cover (58%) w.:th on.y 63
puo-s Ww.etn Class IIz cove. (Table 3).

L_ve .tructu.-es produced an ave.aze o 54 fcz of poo. aadiiat pe. zu.ab u:e
ove.ra.. and =2x.ztinz dedb.Iis st u .-oduced an ase aje of 75 £t of poo-
aqap.iat pe. iouegurs. Walie Sand Creeir conzistent.y p.roduced morc poo-
napg.iajy pe- siruzcuce -.'-1an Cosoced Tog _a Hotn .ove c.oeel. and e Lol

0

@ o
[t o]

5 deorls
(87 f£i7/..cuczure vs 43 rc"/zt ucture ror _lve t.oezes and 105
fe/3euetuce 7o 95 fi_/éuﬁquu.e; for exlsczns debdbois).  No exp-anai_on
can de j.vea for Lals dlirle.cence.



Figure_14 . Live :ree fel.ed :n C:ooxed Forx Creex, Twin Bridzes Reach, Site
#2, one year afte~ .nsta.iatlon, 1984.
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Tabl e_2 Conparison of organic debris providing habitat one year after installation, by reach; in Crooked Fork Creek and
Wite Sand Creek, |daho, 1984.

Live Trees Existing Debris
Number of Number Number
Trees Actively Number Number of Actively Number
- Beach ~ Felled = Scouring ~ Suspended  Existing Debris __ Scouring _ Suspended
Crooked Fork Creeck

T.B. T 2 2 1 0 0 0

D.R. 17 9 3 b 8 8 0

R.A.D. 3 0 0 i 7 6 1

3/4 S. 13 5 4 b 3 3 0

HWY 12B 24 2 14 1 0 0 0

HWY 12A 33 11 13 P 2y 8 7

Ford 23 8 9 I 6 3 3 .
, TOTAL 120 37 45 ! 48 28 11

White Sand Creek

T.B. 12 5 5 . 6 y 2

C.R. 5 1 2 | 0 0 0

C.C.R. 21 7 10 P 2 2 0

B.C.R. 11 4 6 . 0 0 0

c,C,.C.R, 29 1 8 [ 7 3 P

TOTAL 78 28 31 15 9 4 -

GRAND TOTAL 198 65 76 63 37 15 —




61

Tabl e_3. Square feet of pool habitat created by type of structure, pool
class, and nmean of maxi mum depths in Crooked Fork and Wite Sand Creek, 1984.

Area of Pool Habitat Mean of
Type of Number by Cover Class (sq ft) Maximum Depth
Stream Structure =~ of Sites I = II  III TOTAL ft.
Crooked Fork Live 120 1740 1958 1766  SubH 0.98
¥hite Sand Live 78 1815 2076 1301 5192 1.27
TOTAL Live 198 3555 4034 3067 10656 1.10
Crooked Fork Existing Debris 48 547 2323 306 3176 .34

White Sand  Existing Debris 1% 1122 465 -—= 1587 1.19
TOTAL Existing Debris 63 1669 2788 306 4763 1.29




8 .maUIn D Llluse A3 .n the wacer we:e obv. ous.y prov.ding cove: but at

o RN JOT- T N Ju8y wusucer.lal.ly znould be scour.ng and over t.me produce a

gL Tab.2 4 d_up.ayc che agouat of poo: haditat created by the two types of
ERE I The.e wa. z 2snoe.decab.e amount of var.abllity between st uctures
DUS L. 22TU020 L The wate ucn;*due;,-j produce mo.e poo. aab:iat. Conparing
2.3 n3 dedr o riouctures cul of the water o _ive st.uctures out of the wate:
TIVES LChe L :

indlcatlon t.al l.ve Siruziures wilo 2ont.aue to develop mo:e poo-
5 an Chey are Ztabie.

Daca :Indicate:z tna:t 33% of the irees showed some type Of change whethe: by
change in ang.a o. change | N _ength from being broxen of f (figs. 16-23). This
_nc_udes t.,ees zotally washed Up on the banks. But when comparing act ual
ang_es Of t.rees inuzalied IN 1983 vs the remain-n. 3 sz.oucturesin 1984, little
change is evi dent. Approx: mate.y 812 of the live trees instaiied i n 1983 were
at ,ans-es greate: than 30° and 92%of |ive t,ees we:e at angles greater than
30° 57 1984. Exzisting debris behaved sim_iar.y, 423 of the structures were

> 30° in 1983 and 38% were > 30° in 1984,

There were NO str.king differences | N angles produzing functioning structures
overa.l (actively scou:ring and suspended conbi ned) t he range Was 715 to 100%
(Table 5) with the 1007 com:ng from only fi Ve ex_sting debris structures on the
Crooked Forx whi ch we:;e at angies bet ween 20°-30°.

Tree s.ze was conpared =o see :if It had any influence onthe effect_veness
(aciively scouring and suspended conbined) of the structures (Table 5). Trees
greater than 24" d.b.h. Instailed as existing debris were 953 effeccive Wth
81% of these structures activeiy scouring at the t:pe of the survey. Live
trees actively scouring i N €ither Size category showed >ittie difference in
effect veness (34% for trees < 24" d. b.h. v3 30% for trees > 24" d.b.h. ).
Overa.l effectiveness of both rarze and sma.. trees WaS s:imilar (72% for t:rees
<24m d.b.h. vs. 70%fo- crees > 24" d. b.h.).

Overa.., large: tree +2ze had an increased effect on the amount of habi:zat
created (Table 6). Live structures created from iogs greater than 24”7 4. b.h.
created over LWo t._mes aw iuch habltat. Existing dedris did not show as nuch
increase DY :ree Size and al SO had a great anount of var:iapiiity.

Structures were coapared to deternine If the hab.tat type that the structure
was placed in nad any effec: on .5 effect.venes: (Table 7). Three habitat
~ypes were de. ineated: pool, --ff.e, and run.

Zx_.ct.ng debr.s placed in pool: and runs had a 100% effectiveness ~ate and t he
majo:-_ty Of the st uctures we.e a2t _ve_y scouring (Table 7). This nay be
expected Since the depths in bo:s Of these nabi-at types are deeper than .n a
».ff e type and therefore i< i3 paysically eaz_e: for the trees t0 zinxto a
ieve. that it can scour. In maay caves, trees -nas were felled :in " ffle
;segtons Wwere supported by bouldecs abcve the waters susface at Low flows,

Live :z.ees a1ad @ nigher :-ate of overall effect_veness when felled in pooi
hadbitas (75% vs. 67% for ~iff.e and 48% for ~un:z). Live irees a-so0 showed a
higher incident of actlvely SCOUring in poo. nabizat (483 vs. 25% fc: ~_ffie
and 297 for runs.

(20)



Too.e_ 4 . Corpa.'ison of poo. habitat created per structure by type of
GUe e waavol Yeiitow -0 Croosed Forx and White Sand Creek.

FT2 OF HABITAT  FT° OF HABITAT
PER STRUCTURE PER STRUCTURE

. Liv 114 n=37 25 n=45
3 L PR 115 n=38 40 n=31
Tola- Love trce 114 31
Crovited Porit Existing Deb:rr.s 103 n=28 29 n=11
Yaote Sand Bi=2ipns Debris 151 n=9 235 n=4
Toouo Sxicting Deoris 115 34

(21)



Figure_ 1§ . Exlzi.nz debris strueture, cfecured in poaze w.th cad.es 1933

-85,
Crooxed Forg C:reex, Ford Reach, S:ite #6.

Flgure_17 . Existing dev:.s structure,
#6, one yea-~ after instaiiat:on 1984.

3
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Fisure 13 . Zx.z:ing deboiz zi-ucture .ezuced -n 1933 wn Cv . sae

S.ad

23]

Devu:> Reach, S.:e #12.

Figure_19 . Existing debris structure, Crooked Fork Creek, Devoto Reach, Site
#12, one year after installation, 1984.

(23)



Figure_ 29 . L.ve ..ces felied in Crooked Forx Creek, Devoto Reach, Site #7,
1933,

F:gure_ 21 . Live trees feiled in Crooked Fork Creex, Devoto Reach, Site #7,
one year after instailation, 1984.
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~aex, 3% :=acn, S.te #3, 19313.

Figure_ 23 . Live tree felled in Crooked Fork Creek 3/4 Reach, Site #8, one
year after installation, 1984,

(25)



fabie_ 5 __ . Caiparison of organic debris providing habitat one year after installation by angle in ctream in Crocked Fork and White Send Creek 1964.

. of No. Actively Nunber Total Providing

Strem___ Type of Stuctire _Angg,e__gj.um.nm__amum__&umt_  Supended = Percent = Hbitat @ Percent
vrudked Fork LLive <20o 3 1 1 33 2 67
Wale Sad . Live <0 6 1 1'7 4 66 9 83
I, . Live <0 9 2 2 5 6 7 8
Uruoked Fork Live 208— ° 4 3 () - - 3 ™
Wute Surd Live 20— 1 - —_ 1 [ 1 . 100__
TUIA, Live 20°-30° 5 3 60 1 100 y - &_
Crudked Fork Live >30o 114 33 29 uy 38 T 67
Wute Sud Live >%o° 70 Pl B % B 23 5
TTA. Live 3300 164 60 3 70 k) 130 71
(rooked Fork Exist.ing Pebris >30° 30 17 57 8 21 > 83
Wole S Existing Debris >3° y 3 s 1 5 y 100
TOAL __ ____ Exicting Debris >30° A 2 5N 9 % X &
Crocked Fark Ex1sting, Debris 202-30° 5 4 80 1 10 5 100
WMute sand  Exdsting Deris 20— —_ — —_ - — — —_—
TIA Existing Debris  20°-30° 5 y & 1 2 5 . 100
Crocked Fork Existing Debris >30° 13 7 54 2 15 9 69
Whuve Sad __ Existing Debris >30° 11 6 oA 3 i 9 81
TN Existing Debris >30° 24 13 LT 9 21 18 0

(3]
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Table 6 . Camparison of arganic debris providing habitat ane year after installation by tree size in Crodked Fork and White Sand Creek, 1984.
2

Nurber Total Percent Ft~ Pool
Type Of Tree Number of Actively Percat  Number Providing of itat Per

A B G4 - | (< pILL LA LA ) XN l“ ALK KX Pe & - it < 3 CLAX €
Crodked Fork Live <4 18l 81 a 33 a 3B 54 67 9
vhite Sand Live Qun IR uy 16 % 20 5 % o) 3
TOTAL Live < BH 15 3 3H ur 3B 90 T2 34
Croaced Fork Live »>u" DBH 39 10 p. ) 18 us 28 72 76
hhite Sard Live el IBH W 12 * 11 4 23 68 76
TOTAL Live >ou DBH 73 2 30 29 4o 51 70 76
Crocked For  Existing Debris <2u" TBH 30 13 43 9 30 2 3 45
i isti i p 7 8 3 P 10 8 176
TOTAL Existing Debris @l e p 20 48 12 29 32 76 83
Crooked Fork Existing Debris Py IBH 18 15 83 2 1" 17 9l 9
bhite Sand  Existing Debris 2" [BH 3 2 67 1 R 3 100 3
TOTAL Existing Debris >4 B 21 17 81 3 W 20 % 93

Lz



B

Tarve_7 . Caparison of organic debi'is providing habitat one year after installation by habitat type, in Crodked Fork and White Sand Creck, 1904.

Nurber Total Ft2 of Pool

Type Of Hobitat MNunber of  Actively  Percent Muber Percent  Providing Percent Habitat
Avemi __ Strnetwgre  Type  Stnuctures  Scouring  Of Total  Supended  Of Total  Hebitat ~ Of Total — Stnecture
Creaed Forh Live Tree Poal 30 16 53 7 23 23 76 /4
hate Sigd Live Tree Pool 31 13 Lo 10 K 23 T4 h
TOTAL. Live: Tree Poal 61 29 u8 17 . d 46 (o) ™
Crecked Fork Live Tree Riffle & 19 2 3 iy 56 66 24
Wute Sind Live Tree Riffle 21 7 R 10 u8 17 81 40
TUTAL Live Tree Riffle 106 2 S 47 4y 73 67 >
Croded Fork Live Tree Run 5 2 4o 1 20 3 60 T
White Sand Live Tree Rn 26 1 pad 1n L 18 & 73
TOTAL Live Tree Rn 31 9 29 12 39 2 68 T4
Crocked Fork  Existing Debris  Poal 10 9 90 1 10 10 100 103
Wite Send ~ Existing Debris  Pool 5 3 60 2 4o 9 100 1%
TUTAL Existing Debris Pool 15 12 80 3 20 5 100 14
Crocked Fork  Existing Debris Riffle H 1) ur 10 9 S T4 9
um,g Sand _ Existing Debris Riffle 7 4 a1 1 14 o) 1 176

Existing Debris Riffle 4 19 u6 1 2 30 3 9
Crodked Fork Existing Debris R y y 100 —_— - 4 100 )
white Sand Existing Debris ~ Rn 3 2 61 1 3 3 100 131
TOTAL Existing Debris  Run 7 6 8 1 L] 7 100 &



3c.uciucenediizing 3 p.aced i N psol habitat types consistantly created nore
POC. 5nadLitatl W .Ta .oun hadi tat useccnd (Table 7). Variability was again high but
ue Toetu poaced Za ~idfiies showed the greatest difference.  Live structures
Sosiud . orfoeo produced aiasst three times less pool habitat than runs or

. 2..3u. .= |, _aportant zo aoctc tna:z these differences werce not as zreat when
conpd.s @aisting ded:sss by nabltat ctype, I ndicating that riffies can produce

4uCd aab.tat wita tlne.

B siiel ucos Zlentified as CO their location in the streammeande: to
QZlzr.one -© .02at.Oh aad an effect On viabil:ty or effectiveness. A total of
213 o 251 sti:uctuces ware placed in straight sections of the stream while 16
weeoe paaced su tne oucside curve of the meande. and 27 were placed on the
-ns.de of inhe ueander (Table 8).

Erxi_cny debris S tructures i N straight sections had the highest effectiveness
LazeOr’ 31 5 and chic majo.osiy of these were scouring. Live trees placed in the
.no-de of ameanders had the |owest effectiveness rate consisting of 57% of the
2303 aud wany 13" D were actuaniy wcouring.  EXisting debris structures also ‘had
a Low erTec o .veness race (504) for placement on inside of menaders but the
cawpiediza is very small (n=4) (Table 8).

ilnen coupa:ring the amounc of pooi habitat created by meander type, inside
meanders had the least success. EXisting debris structures produced no habitat
.l :nclde aeanders w.ch 3 sazpie Size of one, but the low sauple size of one
Q1.0 L.d.calel thas 1t was difficult to find good existing debris in inside
Juanders.  The a.ea Of pool created by |ive strueture in inside nmeanders were
1.9 and 1.7 < ues less, respectively, When compared to outside meanders and
ot.awiiny seetlone.  Toe |ow water depths and lack of higher velocities
ev_denc.y 2-ea ced poo: condi tions for creating habitat ia inside meanders.

| L was a:ceup ted t 0 concentrate structures i n Side channel s during 1983 but
cnese doc¢ao dere cevecely lomiting on both streams. Wiite Sand Creek had no
& redo Su_tab.e for- struetures | n side channel s except for one existing debris
Zioagtuce (Teole 9).  I:was tneorized that structures in side channel s would
have a be iie: caance Of survivaidue to |ower flows and velocities.

S.de caannels containing both live trees and existing debris had higher rates
of efrec civeness (383 aad 1003 respectively) cthnan strouctures in the mai nstens
03 .ro. ilve vrees and 803 for existing debris) (Table 9). Numbers of |ive
ecs that we:se actively scouring were low, 33%and 29%for mainstem trees and
o

12 Claldid.os reospecoivaly.

Stouctu. wu ln cldC chanaels consistently created NDre pool Babinat with the
wost ofalrlcant difrgroence between existing debris (293 ft®/structure for
o.de ¢iasnc. Svs 77t /zuiucture for mainsten), although the sampie size for
..de chaaaels with exiusting debeis IS t00 low to make any concrete concl usions
(Tuo_z 9).

(29)



Table 8 . Camparismn of arganic debris providing habit at. one year af t er installation by locatian i n stream meander, i n Crodked For k and White Sand
Creeks, 1964,

Murber Total Ft° Poal
Type Of Nurber Actively Percent  Number Percert. Providing Percent Habitat P
S o ' 0C3a i d L AL C LA i i ALSDE = i e i d d 4 VUCUd €

Ciocked Fork Live Tree Inside Meander 12 1 8 5 w 6 50 6
Wute Sad _ LiveTree  Inside Meznder 11 2 18 5 [} 7 [} %
TUTAL [..ve Tree Inside Meander 23 3 13 10 43 13 57 2
Crocked Fork Live Tree Outside Meander 7 1 1 4 57 5 (A 5%
Muate Sed __ Live Tree  OQutside Megnder 4y 2 20 2 . ¢) Yy 100 8
TIA. Live Tree Quts.ide Meonder " 3 7 6 % 9 & 56
Crocked Fork Live Tree Straight 103 35 3 3» H 70 68 g7
Wate Sind . Live Tree Suaight 61 5 g Y] 18 0 I3 70 63
TTA. [.ive Tree Straight 164 60 37 53 K% 113 69 53
“ruked Fark Exiiting Debris Inside Meander - —_ —_ —_ —_ —_ e —_
Wule Syd  Existing Dobris Inside Meander 1 1 100 — —_ 1 10 0
TNA. Existing Debris Inside Meurder y ped 50 —_ - 2 50 0
“rocked Fork  Existing Debris Outside Meander 3 1 33 —_ — 1 33 33
Wule Sqd  Exasting Debris — Outside Meopder 2 4 & __ == — y ) & 11
T0TAL Existing Debris Qutside Meander 5 y 80 —_— —_ 4 80 10
Craked Fork  Existing Debris Straight y3 26 65 1" . ¢ 39 91 (]
Wite Suyd  Exicting Ddords  Straight 11 5 iy 5 g 10 Q) 68
TUTAL Existing Debr'is Straignt 54 33 61 16 30 [T 91 72



Table_9 _. Camparison of organic debris providing hebitat cne yor afler installation by location in stream, by reach, in Crooked Fork and White Sand

Credk, 1984,

Type Of Manbxr

No. Actively Percont. Nunber Percent Percent

Styem . Stuctape  Locatdon 0 Stwetwes in o Seoring Of Total Swpeded  Of Totad, AL Of Totad.

Crocked Fork Live Tree Mainstem 103

Vhite Saed —_ LiveTree Mindam T8

TUOA - e 18

Y. S * B

32 3@ 35 4 67 3
3 4 59 16 .
e _____60 . i3 60 36 16 10

Crocked Fork Live Tree Siude Channel 17
Wite Sxd Live Tree —Side G

AN . - 17 _.

5 29 10 9 15 86

[ R A

Crouked Fork Existing Debris Mainstan 46,

L sl 0
26 57 1 24 36 80
. - 8 Y 4 w__ e I

Vhite Sand  __ Exdctung Debris Muinglen 14

TUIA, D R /2 - R

Crocked Fork Exist.ing Debris Side (hannel e

Vute Sand __ EdstingDebrde  Side Geonad 1
TIAL — - ——

o
y -

100 — —
(00 — —

2
100 — S 4 100 .

v = N\




When treesz wae:re observed that aad been pushed on the stream bank it was
attempted o pull them back :nto the stream. Th <z proved to be virtuaiiy
impozsidie. A westecn _arch tiee with a 24” d.b.h. and 100 fc | ong can wei gh
up <o 12,000 pouads and th:is doesn': account for the addizional Wei ght of water
absordtiON from deing i N the wate.r all spring lon3. Thi s conpounded with the
fac: that mo:t sitez had boulder:z further restriecting the novenent of the | og,
nade :: ‘mpossible 1O NDVe the 1ozs with simple w.nches and coae-alongs. The
-eiote locat 1 0N preven ced larger equi pment f »om bei ng used.

The only nai nt enance possi bl e was to add t:rees t2 existing stiructures When it
was fe-: chat the addition would enhance the site. Initia. observations on the
effec..veness Of structures ied to design changes in the additional structures
instai.ed.

In many cases trees that were fe_..ed in 1983 that met the eriteria of greater
than 24" d.b.h. were fei.ed t00 fa- on the bank .eaving only the smaXZ tops in
he si-eams w_th 1ittie chance of providing much habitat (figs. 24 5 25).
The.efcre trees within 20 ft of the bank.; were fe.ied to add as auch debris as
possioie in the stream. 1In 1983, :i-ees were |inbed and .esuitant siash way
pi | ed beyond this nigah water mack t0 prevent the small debris from creating
jams. (bservations of naturally fallen t:ees indicated that this woul d noz be
a prob.em and it was fe-.: that .eaving the branches 0N wouid further diversify
t he habizat and woul d hel p stabiiize the structuce, therefore NO st uctures
were iiabed.

The doubl e wrap of 1/4” cabl e seened adequate since :ncidentz of cable breakage
were actually | ow and :ree t OpS gene:ai.y broke Of f instead.

The angle at which the tree was felled did aot seem to matier mucn Since water
fiows and ice had the greatest effect on wherethe structure finally rested.
Tree size seemed t0 be an inportant factor although fina. analysis (Table 5)
di d not show any siznif:icance between tree Si zZe.

It was apparent that for the st.uccture t0 remazn effective for any period of
t-me they had co be constructed 30 they wou.d rema:n :n the mainczem Of she
stream even through zce flows. Structures tha: were observed Working as

i ntended were usual |y groups of trees working together, -~esting azainst each
othe.r as the water and ice fiowed pazt them Or’ lozs that were braced on the
bank by :ztandingtrees that wou.dn't al | OW them to move o were agai nst
bou.ders I N the stream ac:iing as stabiiizing points (figs. 26-32

Ex::ting debris that WAS observed providi ng excei.ent habitat and rela:zlve.y
stabl e usuaiiy was a resuiz of an old jan or’ was a co_.ect_on Of several pieces
of organic deb::i: luterlocxing and maki ng the structure _iself stadle.

~.r



Floure o4 o T.ose feoood x Creex Side Chaane., 3/4 Reacn, Site

#3, 1933,

Figure_ 25 . Tree feiied in Crooked Fork Creex Side Channel, 3/4 Reach, Site
#9, one year after instalilation, 1984,
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Figure 36 . Live trees felled in Crooked Fork Creek, Ford Reach, Site #8,
1983.

Figure 27 . Live trees felled in Crooked Fork Creek, Ford Reach Site #8, one
year after installation, 1984.




Figure 23 . Larze :t.ee fe_ied in Yhite Saand Creex, Co.t Creex Reach one year
afte:r inasva_iazion, 1934.

Figure 29 . Wite Sand Creek, Beaver Creek Reach shoving trees felled at
Sites 18 and #9, one year after installation, 1984.
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. Al o' Tand Lroe2s, LLrnes REACh 3404007 Severdl sSLoussures sooll

voal =S rnitz._ation, 1334,

Figure 31. Wiite Sand Creek, Corner Reach showing three structures still
effective one year, after installation, 1984,
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Figure 32. Live tree felled in Crooked Fork Creek, Ford Reach, Site # gne
year after installation, 1984.
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Seve:a. sthe- ,jpes of zz:ructu..e. we. e deve. oped and Inz.z.led
& ) d o} Y M

AC.e l.rdlolusel 3 @ fxpe menta. Lae.
e Z.m.ted. Aaother fagcis: tna: p ‘evented =z
e..ed was zhat nnly ithe bes:
:_pa:r.an 2:rea a.oas these su.ean: = asundanc w,ih
~he .gan of the lrees, dlotance Trom tne bank, and banx neishse
“he nunde:s of trees that a.e 2pp:op-iate fo. fa...nz.

gty 2

A cctal of 19 lrees we:re :insia.’ed that we.e eltier added ic ex-ci.a

Liruclures o Were cab.ed to the stumpl using crlle:-la mentioned befure., IZight
Jetty ztructures we.e .nsta.led. These structures a.ce designed wizn a
Jownst.eaw dbrace (figs. 3-5) which w.oil give support and maintain “ize.f .n
po5ll.on In water. It is also designed to co-lect otner ocrganic debrii oo
further enhance tne si1ght.

Two downstream "V's were installed in side channels and have the sane _
characteristics of jetties but are probably stronger, but can only be installed
in narrow channels.

Fou. ..=e: we L

and -eodarred. The ~eba:s 1s desizned to neld the sirizilure

feried H
.iopoa2=. The P quar focik drll. Wwith a var driving bt worked wel. In drlving
tne /4% eoas to 7 £ .-~ :7e zub:iia-e.

Preproject flend surveys in 1933 :ndicated thaat natura. deposics of organic
ded:ris we.e enianzing the habliat and {isa popuiations by creating divers_iy
and n.ding cover for emergent fry, scour.ng poo.s for the .arze~ juven.ies

enhanc.ng poc. quallty by addlnz ~over, and by retaiaing jraveis .~ul.tab.e for
-pawn.ng.  Severai researcners dave documented tine lmpo:rzance of c:ganice debrls
-n siv2ans aad 1ty va_ue o flizn populations {Meenan, et. a:. 1977, T:lixa, et.
a’. 1982, Sede. andé Luchessa, 1331).

The sziuziures nctal-.ed and .e:ured we.c designel to emu.ate -hece coad.-ions
=nd Lo pro.wag thelr exiztence In Ine Lystenm.

W._. 2onl.nue o have 2 o.zn. D

efferc on Zirueturses poazaed in
p

sTtrean: of tils size bul data d.d show that suog _o-n,-y few sTructiuces
actual Ly aad broken zadles. The facz hst T4T of a.l ugtures .o ta_.ed were
“%lis. poovoding tome «Ind or hab.nal aftes these cond.ollons 15 astoundlag.

A.choush a numbe. of siructures were above the wase
da.a .nd cazed tha: besidez prov_dlaz just 20ver, .
auvsoz2.aced w.th tnenm. Fu.ine~ .avest .- atv exlst.as ded. s above
wates produced a.mort 3% of the nao..ab p-cvided Dy exl_tin Z2LiveLy
;cour.ng. Therefcre _trucsiures tnat are _nw.a..ed woin sur of tne

water shcu.d cont nue o deve.op ovetier nasnitact.

~ turface .0 .ow oW,
: 50 . nab_za:

—~
W
[0 §]
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Tabie 10 . Additional structures installed in Crooked Fork and White Sand Creek by type of
structure, 1984.

__Stream  No, Trees Felled ~ No, Rebar No. Cabled Only No, Jetty No, Downstream "V"

Crooked Fork 19 3 9 1 2
utn' fte San(‘l __25 1 10 i 0 _
TOTAl 1y y 19 8 2 -




Data indicated several factors to be considered when installing future
Stryct ures:

Large tree Size is inpportant for maximzing the anount of habitat produced.

Siucturer placzed In pool and un hadb_tat are nmoie effeciive in producing
naovo:tat and in iongev.ty.

Avoid jnside meanders because of |lack of effectiveness and anount of
habitat produced.

The conparison of side channels vs mainstem don't show any clear evidence
in effectiveness and of no definite conclusion can be made for which type
of reach produces the nost habitat.

Linbs should be left on the trees. The protusions of the linbs will help
diversify the habitat and will help stabilize the structure.

Cbservations of existing debris indicated that root wads of trees were
Inportant in the quality and effectiveness of the structures. The roots were
extremely valuable in diversifying the habitat but also provided an anchor for
stabilizing the structure. Further observations indicated that the nore trees
intermngled in the structures the better the habitat

Met hods that could better duplicate these conditions would be nore effective
Sone work has been tried blasting the root wad into the streamwith linited
success but efforts should continue in this area. Areas with better access
could utilize heavy equipment to push or pull the trees In.

Mai nt enance of the structures was very difficult. in some cases trees could be
recabl ed but actual noving an ineffective structure was virtually inpossible
due to the type of equipnent available for use in remote areas. Generally
adding trees to structures is limted due to the availability of trees in the
area with proper lean or |ocation.

The different design types installed in 1984 should be nonitored to see if they
can produce better habitat over a |onger period of tinme.

Continued efforts should be made in monitoring the 1983 structures. A though
performance of these structures do not equal those of log weirs, there |ow unit
cost and the fact that they can be instailed in remote areas with very little
equi pment makes them very appealing (figs. 33-36).

The bottomline is their effect on fish ﬁopulations. It is extrenely inportant
than an evaluation critically looks at the benefit s of these structures.
Efforts have begun through Idaho Department of Fish and Game to evaluate this
portion of the project. This project should be funded on a Iong term basis not
only because of the slow fish response, due to anadromous fish cycles and |ow
seeding rates, but also due to the fact that data indicates that these
structures may continue to develop habitat with tine.



Figure_33. Aerial view of two structures on Crooked Fork Creek, Reach above
H ghway 12 Bridge, one year after installation, 1984. Note upper structure
col lecting additional organic debris.

Figure_34 . Aerial view of three structures on Crooked Fork Creek, Reach
above H ghway 12 Bridge, one year after installation, 1984.
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Figure_35 . Aerial view of two structures on Crooked Fork Creek, Reach above
H ghway 12 Bridge, one year after installation, 1984.

Figure_36 . Aerial view of me structure on Crooked Fork Creek, Reach above
H ghway 12 Bridge, one year after installation, 1984.
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APPENDIX A

SUMVARY OF EXPENDI TURES

SALARI ES 6325
TRAVEL
NON- EXPENDABLE  EQUI PMENT AND MATERI AL 380
EXPENDABLE EQUI PMENT AND MATERIAL OVERHEAD  ~-----
OPERATI ON AND MAI NTENANCE 2230
QVERI{AD 1065
TOTAL 10, 000
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Table__1 . Comparison of organic debris by reach with broken cables as rendered ineffective one year after
installation in White Sands Creek, 1984.

White Sand
Live Trees
Number with Numbered Washed
Reach : ble Percent up on the Bank Percent
T.B. 12 0 0 2 16
C.R. 5 0 0 2 40
C.C.R. 21 0 0 4 19
B.C.R. 1 0 0 1 9
CCuCoRe 29 1 3 8 21
TOTAL 78 1 1 17 21
Existing Debris
Number with Number Washed
Reach Humber of Structures  Broken Cable Percent up on the Bank  Percent
T.B. 6 0 0 0 0
C.R 0 0 0 0 0
C.C.R. 2 0 0 0 0
B.C.R. 0 0 0 0 0
C.C.C.R. 7 1 14 1 14
TOTAL. 15 1 6 1 - _6
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Table _2 . Range of angles of structure in White Sand and Crooked Fork Creek, 1984,
Crooked Fork
Live Trees Existing Debris
Reach Ra Megn Reach . __Range of Angles @~ Mean
T.B. 25 to 60 38 T.B. o o o
D.R. 25° to 70 43 D.R. 20° to 48 22
R.A.D. 60° to 702 672 R.A.D. 102 to 703 38°
3/4 S. 202 to 907 472 3/4 S. 15° to 30 21°
HWY 12B 30° to 90 54 IWY 12B o o
HWY 124 202 to 602 uzg HWY 12A 102 to 90, 400
Ford 20° to 70 40 Ford 20° to 42 25
TOTAL 20° to 90° _TOTAL 10° to 90°
White Sand
Live Trees Existing Debris
Reach Rapgge of fAngles Ave, Reach Bapge of fngles Ave,

T.B. 20 to 50 24 T.B. 10° to 60 39
C.R. 20° to 55 42 C.R. o o o
C.C.R. 25° to 90° 50 C.C.R. 35° to 60 u7
B.C.R. 40° to 100 68° B.C.R. o o
C.C.C.R 20° to 90 53° C.C.C.R. 35° to 90 756
TOTAL 207 to 1007 TOTAL 10" to 90~
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Table_3 . Comparison of organic debris by reach with broken cables or rendered ineffective one year after
installation in Crooked Fork Creek, 1984.

Crooked Fork

Live Trees
Number with Number Washed
Reach Number Trees Felled =~ Broken Cable ~~  Percent _ up on the Bank :

T.B. 7 0 0 2 28
D.R. 17 3 18 3 18
R.A.D. 3 0 0 3 100
3/4 S. 13 0 0 2 15
HY 12B 24 3 12 1 y
HWY 12A 33 5 15 3 9
Ford 23 _ 0 0 3 13
TOTAL 120 11 9 . 17 14

Existing Debris

Number with Number Washed
___Reach _ No, of Structures =~ BrokenCable =~ Percent == upontheBank = Percent
T.B. 0 0 0 0 0
D.R. 8 0 0 0 0
R.A.D. 7 1 14 0 0
3/4 S. 3 0 0 0 0
HWY 12B 0 0 0 0 0
HWY 12A 24 3 12 1 4
Ford 6 0 0 0 0
TOTAL 48 4y 8 1 2
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Table_Y4 . Comparison of organic debris providing habitat one ycar after installation by location in stream, by
reach in Crooked Fork Creek, 1984.

Live Trees
No. of Trees Located No. Actively Number
Reac] {n Mainst S . P Sus led
T.B. 7 2 28 2 28 4 57
D.R. 17 9 53 3 18 12 71
R.A.D. 3 0 0 0 0 0 0
3/4 S. 5 2 40 1 20 3 60
HWY 12B 15 0 0 7 46 T 46
HY 12A 33 " 33 13 39 24 T2
Ecrd 23 8 35 9 39 17 24
TOTAL 103 32 32 35 34 67 65
No. of Trees Located No. Actively Number
_Reach = inSide Channels ~ OScouring  Percent =~ Juspended  Percent ~ All  Percent
T.B. 0 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0
3/4 S. 8 3 37 3 37 6 75
HWY 12B 9 2 22 7 78 9 100
HWY 12A 0 0 0 0 0 0 0
Ford 0 Q 0 0 0 0 0
TOTAL 17 ) 29 10 59 15 88
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Table_ 4 (cont.).

Existing Debris

No. of Trees Located No. Actively Nuniber
Reach in Mainstem  Scouring  Percent  Suspended at Low Flows  Percent ~All ~ Percent

T.B. 0 0 0 0 0 0 0
D.R. 8 8 100 0 0 8 100
R.A.D. 7 6 86 1 14 7 100
3/4 S. 1 1 100 0 0 1 100
IWYy 12B 0] 0 0 0 0 0 0
HWY 12A 24 8 33 7 21 15 63
Ferd 6 3 50 3 "0 6 100
TOTAL 46 26 Y 11 24 37 80

No. of Trees Located No. Actively Number
T.B. 0 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0
3/4 S. 2 2 100 0 0 2 100
HWY 12B 0 0 0 0 0] 0 0
HwY 12A 0 0 0 0 0] 0 0
Ford g 0 0 0 0 0 0
TOTAL 2 2 100 0 0 2 100
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Table _5 . Comparison of organic debris providing habitat one year after installation, by location in stream, by
reach in White Sand Creek, 1984.

Live Trees

No. of Trees Located No. Actively Number
—_Reach in Mainstem Scouring Percent ______Suspended Percent ~_All  Percent
T.B. 12 5 y2 5 42 10 8y
C.R 5 1 20 2 40 3 60
C.C.R. 21 7 33 10 48 17 61
B.C.R. 1 y 36 6 54 10 90
C.C.C.R 29 11 38 8 21 19 62
TOTAL— 78 28 36 31 40 9 6

No. of Trees Located No. Actively Number

in S1 ing. Percent Suspended at Low Flows  Percent All

Percent
T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
c.C.R. 0 0 0 0 0 0 0
B.C.R. o 0 0 0 0 0 0
C.C.C.R: 0 0 0 - 0 0 0 [4)
TOTAL Q 0 0 0 n n [
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Table _5__ (cont.).

Existing Debris

No. of Trees Located No. Actively Nunber
Reach ___inMoinChannel ~~~  Scouring ~ Percent. ~~ Suspended al Low Flows  Percent All
Percent
T.B. 6 y 67 2 33 6 100
C.R. 0 0 0 0 0 0 0
C.C.R. 2 2 100 0 0 2 100
B.C.R. 0 0 0 0 0 0 0
c.C.C.R. 6 . 2 . 3 o 2 3 4 66
TOTAL._ 14 8 57 e y M 12 . _
No. of Trees Located No. Actively Number
—Reach  in Side Channels —Scouring. Percepl.  Suipended at [ow Flows  Percent _All
Percent
T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
C.C.C.R. 1 1 100 ) 0. 0 1 100
TOTAL I = B 1 . 100 - 0 0 1 100
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Table__6__. Comparison of organic debris providing habitat one year after installation by loction in stream
meander, by reach in Crooked Fork Creek, 1984,
Live Trees
No. of Trees Located No. Actively Number

Reach Inside Meander Scouring Percent Suspended Percent All  Percent

.B. 0 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 2 0 0 0 0 0 0
3/4 S. 0 0 0 0 0 0 0
HWY 12B 3 0 0 2 66 2 66
HWY 12A 7 1 14 3 43 4 57
Eord 0 0 0 0 0 0 _0
TOTAL_ 12 1 8 5 42 6 80

No. of Trees Located No. Actively Number
_Reach  Outside Meander ~~~ Scouring  Percent Suspended =~ Percent All Percent
T.B. 0 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0
3/4 S. 3 1 33 1 33 2 66
HWY 12B y 0 0 3 75 3 75
HWY 12A 0 0 0 0 0 0 0
Ford 0 0 0 0 0 [4] 0
TOTAL 17 1 14 y 51 LI 71

No. of Trees Located No. Actively Numbe!

Reach Straight Scouring Percent Suspended _Percent All  Percent
T.B. 7 2 28 0 0 2 28
D.R. 17 9 53 3 18 12 71
R.A.D. 1 0 0 0 0 0 0
3/4 S. 10 q 4o 3 30 7 70
HWY 12B 17 2 12 10 59 12 71
HWY 12A 27 10 37 10 37 20 T4
Ford 2U 8 33 9 38 17 71
TOTAL 103 — 35 34 35 34 70 68
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Table_6 (cont.).

Existing Debris

No. of Trees Local.ed No. Actively Number
— Reach Inside Meander _ Scouring  Percent  Suspended at Low Flows _Rer_c_em__%l__,.f_cm_ent_
T.B. 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0
3/4 S. 0 0 0 0 0 0 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 3 1 33 0 0 1 33
EFord [o] 0 0 0 0 0 .0
TOTAL 3 1 33 0 0 1 33

No. of Trees Located No. Actively Number
mn_mmm___muﬂm_smmmwwm
T.B. 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0
3/4 S. 0 0 0 0 0 0 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 0 0 0 0 0 0 0
Ford 0 0 0 0 0 0 0
TOTAL 0 0 0 0 ] _0 0

No. of Trees Located No. Actively Number
Reach ~ OQutside Meander __ Scouring  Percent  Suspended at Low Flows Percent All Peircent
T.B. 0 0 0 0 0 0 0
D.R. 8 8 100 0 0 8 100
R.A.D. 7 6 86 1 1L 7 100
3/4 S. 3 3 100 0 0] 3 100
HWY 12B 0 0 0 0 0 0 0
HWY 12A 19 8 42 7 37 15 79
Eard 6 3 50 3 50 6 100
TOTAL 43 28 £5 11 26 39 91
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Table_7__.
meander’, by reach in White Sand Creek, 1984.

Comparison of organic debris providing habitat one year after installation by location in stream

Live Trees

Mo. of Trees Located No. Actively Number
_Reach ~ Inside Meander Scouring Percent Suspended =~ Percent  All  Percent
T.B. 0 0 0 0 0 0 0
C.R. y 1 25 1 25 2 50
C.C.R. 3 0 0 2 67 2 67
B.C.R, 3 0] 0 2 67 2 67
c.c.C.R 1 1 100 0 _ 0 1 100
TOTAL 11 2 18 5 45 7 64

No. of Trees Located No. Actively Number

Reach Qutside Meander Scouring Percent Suspended _Percent All Percent

T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 4 2 50 2 50 y 100
C.C.C.R 0 0 0] O 0o 0 0
TOTAL. y 2 50 2 20 y 100

No. of Trees Located No. Actively Number
—Reach Straight Scouring Peircent Susipended Percent All Percent
T.B. 10 5 50 0 0 5 50
C.R. 1 1 25 0 0 1 25
C:C:R. 18 7 39 8 4y 15 83
B.C.R. ] 2 50 2 50 y 100
C.C.C.R 28 10 36 8 28 18 _bu_
TOTAL 91 25 39 18 30 43 70
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Table _7_ (cont.).

Existing Debris

No. of Trees Located Ho. Actively Number
—Reach  Inside Meander ~ Scouring  Percent . Suspended __ Percent __All  Percent
T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
c.C,C.R 1 - 1 100 _ [0} _— (0] 1 100
TOTAL 1 L 100 _____ 0 0 1 2100
No. of Trees Located No. Actively Number
—Reach ~~ Outside Meander _ Scouring ~ Percent =~ Suspended =~ Percent _All Percent
T.B. 2 2 100 0 0 2 100
C.R. 0 0 0 0 0 0 0
C.C.R. 2 2 100 0 0 2 100
B.C.R. 0 0 0 0 0 0 0
C.CC.R., 1 —— 0 0 0 0 1 0 __
TOTAL 5 4 80 - 0 0 5 .80
No. of Trees Located No. Actively Number
Reach Straight Scouring Percent —-Suspended . Percent ~ All Percent
T.B. y 2 50 2 50 y 100
C.R. 1 0 0 1 100 1 100
C.C.R. 0 0 0] 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
C.C.C.R 6 3 50 -2 33 5 83
TOTAL 11 5 45 5 45 10 90 __
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Table__8 . Comparison of organic debris providing habitat one year after installation by habitat type in Crooked
Fork Creek, 1984.

Live Trees
No. of Trees in No. Actively Number
Reach Pool Scouring Percent ____Suspended Percent All Percent
T.B. 0 0 0 0 0 0 0
D.R. 10 8 80 1 10 9 90
R.A.D. 2 0 0 0 0 0 0
3/4 S. 9 3 33 y Ly T 17
HWY 12B 2 1 50 1 50 2 100
HWY 12A 2 0 0 1 50 1 50
Ford 5 y 80 Q_ 0 __H4 80
TOTAL 30 - 16 .5 S 7 e 23 23 76
No. of Trees Located No. Actively Nur.ber
Reach Riffle Scouring _ Percent Suspended Percent All  Percent
T.B. 6 2 33 1 17 3 50
D.R. 7 1 14 2 29 3 43
R.A.D. 0 0 0 0 0 0 0
3/4 S. 3 1 33 0 0 1 33
HWY 12B 21 1 5 13 62 1 67
HWY 12A 30 10 33 12 40 22 73
Ford 18 4y 22 ————S . _ 50 13 12
TOTAL 85 19 22 37 — 4y .__56 66
No. of Trees Located No. Actively Number
— Reach _Run Scouring . _Percent  Suspended at lLow Flows ___ Percent _ All Percent
T.B. 1 0 0 1 100 1 100
D.R. 0 0 0 0 0 0 0
R.A.D. 1 0 0 0 0 0 0
3/4 S. 1 1 100 0 0 1 1C0
HWY 12B 1 0 0 0 0 0 0
HWY 12A 1 1 100 0 0 1 100
Ford _ 0 0 0 Q Q Q9 0.
TOTAL 5 2 40 1. 20 3 60
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Table_8 . (Cont.)

No. of Trees Located

No. Actively

Existing Debris

Number

._r_gﬁa&h Pool Scouring  Percent  Suupended at l.ow Flows _ Peicent _ All _ Percent
.B. 0 0 0 0 0 0 0
D.R. 5 5 100 0 0 5 100
R.A.D. 0 0 0 0 0 0 0
3/4 S. 2 2 100 0 0 2 100
HWY 12B 0 0 0 0 0 0 0
HWY 12A 2 1 50 1 50 2 100
Ford 1 1 100 - 0 0 1 _.100
TOTAL 10 9 90 1 10 10 100
No. of Trees Located No. Actively Number
—Reach Riffle Scouring Percent Suspended at Low Flows Percent All Percent
T.B. 0 0 0 0 0 0 0
D.R. 3 3 100 0 0 3 100
R.A.D. 3 2 67 1 33 3 100
3/4 S. 1 1 100 0 0 1 100
HWY 12B 0 0 0 0 0 0 0
HY 12A 22 7 32 6 27 13 59
Ford 5 2 40 3 60 9 100
TOTAL 3y 15 47 10 29 25 74
Mo. of Trees Located No. Actively Number
—Reach Run Scouring  Percent  Suspended al Low Flows Percent  All Percent
T.B. 0 0 0 0 0 0 0
D.R. 0 0 0 0 0 0 0
R.A.D. y ] 100 0 0 y 100
3/4 S. 0 0 0 0 0 (0] 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 0 0 0 0 0 0 0
Ford 0 0 0 0 0 0 0
TOTAL '} 4 100 0 0 L 100
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Table_9 . Comparison of organic debris providing habitat, one year after installation by habitat type, in White
Sand Creek, 1984.

Live Trees
No. of Trees No. Actively Number
Reach in Pools _.._Scouring Pej-cent. e ._Suspended . . __ Percent All Percent

T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. q 2 50 2 50 y 100
B.C.R. 3 2 67 1 33 3 100
c.C.C.R. 24 9 ___ 138 1 29 ___16 67
TOTAL 31 13 42 .10 32 23 _._14

No. of Trees No. Actively Number
__Reach in Riffle Scouring Percent. Suspended at Low Flows _ Percent  All  Percent
T.B. 7 y 57 3 43 T 100
C.R. 0 0 0 0 0 0 0
C.C.R. 1 0 0 1 100 1 100
B.C.R. 8 2 25 5 62 7 87
c.C.C.R. 8 1 20 1 20 2 40
TOTAL 21 7 3 10 ug 17 81

No. of Trees No. Actively Number
—Reach in Run — ____Scouring  Percent.  Suspended at Low Flows _ Peycent. ALl Percent
T.B. 5 1 20 2 40 3 60
C.R. 5 1 20 2 40 3 60
C.C.R. 16 5 31 T 4y 12 75
B.C.R. 0 0 0 0 0 0 0
c.C.C.R. 0 0 0 0 0 [o] Q
TOTAL 26 7 21 11 42 18 _69
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Table__9 . (Cont.)

Existing Debris

No. of Trees No. Actively Number
_Reach —in Pools wmmmm@ww
T.B. 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
c.C.C.R. [ ? RO 2 40 5 100
TJOTAL 9 3 _60 ra 40 5 100

No. of Trees No. Actively Number
—Reach in Riffle -Scoring  Percent ~ Suspended at Low Flows  Percent  All  Percent
T.B. 3 2 67 1 33 3 100
C.R. 0 0 0 0 0 0 0
C.C.R. 2 2 100 0 0 2 100
B.C.R. 0 0 0 0 0 0 0
¢.C.C.R. —2 0 0 0 0 0 0
TOTAL, T y &7 1 14 Y 1

No. of Trees No. Actively Number
Reach ~__ in Kun Scor 1ng__P_eLc.en.L___$.u.’p_ensLen_a_t_Lw_ﬂ__a__f_e1_enL__ All_ Percent
T.B. 3 2 67 33 3 100
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
c.C.C.R. 0 0 0 0 0 0 0
TOTAL 3 2 67 I 33 3 100




Table _10 . Canparism of organic debris providing habitat one year after installation by tree size, by reach in
Crooked Fork and White Sand Creek, 1984.

No. of Trees Nurber No. of Trees Nuaber No. of Trees Naber No. of Trees MNnber

Greater Then Actively Nurber Less Than  Actively Nrber  Greater than Actively Murber Less Than Actively  Number
Boach Mi__&nmumm_&" d mﬂ__m__&sm__a_w ' [ M__MM_&JE_ _&smm_&mm
T.B. 2 0 2 2 0 0 0 0
D.R. 9 5 2 8 4 1 6 6 0 2 2 O
R.A.D, 3 0 0 0 0 0 6 5 1 1 1 0
4 S. 4 2 1 9 3 3 0 0 0 3 3 0
Hy 128 10 0 9 L 2 5 0 0 0 0 0 0
HAY 12A 8 3 2 S 8 " 5 3 1 19 5 6
Ford 3 0 2 P.i) | Vi 1 1 0 5 2 3
TOTAL 9 10 18 81 2 & 18 B 2 30 3 9

vhite Sand Creek
No. of Trees Nurber No. of Trees MNuxber No. of Trees Mrber No. of Trees Nuber

"

Greater Thdl Act,lvely Nnber Less 'Ihm Actlvely Nnber Greater then Actlvely Nmber Less Tran Pct.:vcly l\urber

T.B. 3 2 1 9 3 2 1 1 4 3 1

C.R. 2 1 0 3 0 2 0 0 0 0 0 0

C.C.R. 10 1 5 " 6 5 0 0 0 2 2 0

B.C.R. y 1 2 7 3 4 0 0 0 0 0 0

C.C.C.R. 15 T 3 14 4 Y 1 1 0 6 2 2

TOTAL 34 12 1 Yy 16 &0 3 2 1 12 1 3
Carbined Totals

GRAND
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Table__11_. Comparison of organic debris providing habitat one year after installation by angle in stream, by reach
in Crooked Fork, 1984,

Live Trees

No. Actively Number

__Reach _ Mo, of Trees <20° _ _ Scouring Pelcent __§ummgL___Egm£m_AlL_-P_crs£nL
T.B. 0 0 0 0 0 0

D.R. 0 0 0 0 0 0 0
R.A.D. 0 0 0 0 0 0 0

3/4 S. 1 1 100 0 0 1 100

IWY 12B 0 0 0 0 0 0 0
HWY 12A 0 0 0 0 0 0 0
Ford 2 0 0 1 50 1 50
TOTAL._ 3 1 33 ) 33 2 __66

Numger No. Actively Number

—Reach  of Trees 20 -30°- @~ OScouring  Percent ~~~ Suspended =~ Peicent  All Percent
T.B. 2 1 50 0 0 1 50
D.R. 2 2 100 0 0 2 100
R.A.D. 0 0 0 0 0 0 0

3/4 S. 0 0 0 0 0 0 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 0 0 0 0 0 0 0
Ford 4] 0 0 0 4] 0 0
TOTAL 4 3 75 0 0 3 75

No. Actively Number:

__Reach _ No, of Trees >30° Scouring _ Percent  Suspended Percent. __All  Percent
T.B. 5 1 20 2 40 3 60
D.R. 15 T u7 3 20 10 67
R.A.D. 3 0 0 0 0 0 0

3/4 S. 12 L] 33 ] 33 8 66

HWY 12B 24 2 8 14 58 16 66
HWY 12A 33 1 34 13 39 U 73
Fard 21 8 38 8 38 16 76
TOTAL 114 33 29 44 38 71 67
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Table__11 . (Cont.)

Existing Debris

" No. Actively Number

—Reach No, of Trees <20 OScouring  Peicent ~~ Juspended ~~~ Percent All Percent
T.B. 0 0 0 0 0 0 0
D.R. 5 5 700 0 0 5 100
R.A.D. 5 5 100 0 0 5 100
3/4 S. 2 2 100 0 0 2 100
HWY 12B o 0 0 ) 4] 0 (0
HWY 12A 15 4 27 6 40 10 67
Ford 3 1 33 2 67 3 100
TOTAL 30 17 56 8 27 25 83

Numbsr o No. Actively Number )
—Reach __of Trees 20°-30" ___ Scouring Percent Suspended Percent = All Percent
T.B. 0 0 0 0 0 0 0
D.R. i i 100 0 0 i 100
R.A.D. 1 1 100 0 0 1 100
3/4 8. 0 0 0 0 0 0 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 1 1 100 0 0 1 100
Ford 2 1 50 1 50 2 100
TOTAL 5 y 80 1 10 5 100

o No. Actively Number

_Reach __No.  of Trees 30 =  Scouring  Percent ., _ JSuspended _Percent  All Percent
T.B. 0 0 0 0 0 0
D.R. 2 2 100 0 0 2 100
R.A.D. 1 0 0 1 100 1 100
3/4 S. 1 1 100 0 0 0 0
HWY 12B 0 0 0 0 0 0 0
HWY 12A 8 3 37 1 13 4 50
Ford 1 1 100 0 0 1 100
TOTAL 13 7 oY 2 15 9 69
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Table 12 . Comparison of organic debris providing habitat one year after installation by angle in stream by reach
in White Sand Creek, 1984.

White Sand
Live Trees
o No. Actively Number
__Reach Mo, of Trees <20 _ Scouring  Percent ~__  JSuspended Percent All Percent
T.B. 2 0 0 2 100 2 100
C.R. 1 0 0 1 100 1 100
C.C.R. 2 1 50 1 50 2 100
B.C.R. 0 0 0 0 0 0 0
c.C.C.R 1 0 0 o_ . 0 0 0
TOTAL 6 1 17 y 66 8 83
Numbes o No. Actively Number
Reach of Trees 20°-30 Scouring Percent Suspended Percent ~__All Percent
T.B. 0 0 0] 0 0 0 0
C.R. o] (0] 0] 0 0 0 0
C.C.R. 1 0 0 1 100 1 100
B.C.R. 0 0 0 0 0 0 0
c. C.C.R (o) 0 0 0 0 0} _0
TOTAL 1 0 0 1 100 1 100
No. Actively Number

_Reach }No of Trees >30° Scouring Percent Suspended Percent All Percent
T.B. 10 5 50 3 30 8 80
C.R. y 1 25 1 25 2 50
C.C.R. 18 6 33 8 4y 14 77
B.C.R. 1M L 36 6 54 10 90
c.C.C.R. 27 11 41 8 29 19 70
TOTAL 70 27 _38 26 37 83 75
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Table___12(cont.).

White Sand
Existing Debris

o No. Actively Number
__Reach No. of Trees <20~  ____ Scouring  Percent =~ Suspended =~ Percent _ All Percent
T.B. y 3 75 1 25 y 100
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. (0] 0 0 0 0 0 0
C.C.C.R 0 0 0 0 0 0 0
TOTAL 4 3 15 1 25 4 100
Numbgr No. Actively Number
_Reach  of Trees 2€ S~mveing Percent Suspended Percent __All Percent
T.B. 0 0 0 0 0 0 0
C.R. 0 0 0 0 0 0 0
C.C.R. 0 0 0 0 0 0 0
B.C.R. 0 0 0 0 0 0 0
C.C.C.R, 1] 0 _0 0 0 0 0
TOTAL. 0 0 0 0 0 0 0
No. Actively Number

_an_mmm___&mmg_ﬂemm__ﬁgm_-_____m —All Percent
T.B. 2 1 1 50 2 100
C.R. (0] 0 o 0 0 0 0
C.C.R. 2 2 100 0 0 2 100
B.C.R. 0] 0 0 0 0 0 0
c.C.C.R. 7 3 43 2 28 5 V|
TOTAL 11 _6 54 3 21 9 81
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Table__13 . Square feet of pool habitat created by type of structure, pool class and maximum pool depths, by reach

in White Sand Creek, 1984.

White Sand
Live Trees

No. Square Foot of Pool Range Of
Sites Reach 1 y ] 2 ) 4 3 2 All Pool Depths _Mean
9 T.B. 0 0 667 50 675 50 1342 1.3 0.6! 1.0
5 C.R. 0 0 440 100 0 0 440 1.87 1.8 1.8'
15 C.C.R. 80y 79 220 21 0 0 1024 2.0 0.5!' 0.9’
9 B.C.R. 186 35 341 65 0 0 527 2.2! 0.5' 1.2'
25 C.C.C.R, 825 4y 408 22 626 34 1859 2.6' 0.5' 1.5'
63 TOTAL 1815 35 2076 40 1301 25 2192
Existing Debris
No. Square Foot of Pool Range Of
__ Sites Reach 1 2 2 % 3 %z All Pool Depths Mean
6 T.B. 830 100 0 0 0 0 €30 1.4 0.4 0.9'
0 C.R. 0 0 0 0 0 0 0 0.0 0.0’ 0.0!
2 C.C.R. 76 100 0 0 0 0 76 1.5 1.4 1.4
0 B.C.R. 0 0 0 0 0 0 0 0.0 0.0’ 0.0
6 c.C.CR 216 32 u65 68 0 0 681 1.5! 1.3 1.4
14 TOTAL 1122 11 465 29 0 0 1581
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Table_14 . Square foot of pool habitat created by type of structure, pool class and maximum pool depths, by reach
in Crooked Fork Creek, 1984.

Crooked Fork

Live Trees
No. Square Foot of Pool Range Of
Sjites Reach 1 i 2 % 3 ) Total Pool Depths Mean
5 T.B. 228 73 85 27 0 0 313 1.0 0.7' 0.8'
13 D.R. 635 26 425 18 1340 56 2400 2.0’ 0.6 1.3
6 R.A.D. 0 0 0 0 0 0 0 0.0' 0.0' 0.0'
1" 3/4 S. 335 34 318 32 330 34 983 2.8 0.3' 1.2'
18 HWY 12B 352 51 340 49 0 0 692 1.5' 0.4° 1.1
24 HWY 12A Uy 25 331 58 96 17 571 1.5 0.4 0.9'
16 Ford 46 9 459 91 0 0 805 2.5"' 0.1' 1.0'
93 TOTAL 1740 32 1998 36 1766 32 _5464 __
Existing Debris
No. Square Foot of Pool Range Of
Sites Reach 1 2 2 2 3 b Total Pool Depths Mean
0 T.B. 0 0 0 0 0 0 0 0.0' 0.0' 0.0'
5 D.R 256 25 748 75 0 0 1004 1.9' 0.7 1.7
3 R.A.D. 0 0 945 100 0 0 945 3.6' 2.2! 2.8"
3 3/4 S. 42 21 MM 55 50 24 203 2.0' 0.7' 1.4
0 HWY 12B 0 0 0 0 0 0 0 0.0 0.0' 0.0'
14 HWY 12A 77 1 358 52 256 37 691 1.5' 0.5 1.1
6 Ford 172 82 161 48 0 0 333 1.3 0.5' 0,83
31 TOTAL Bu7 17 2323 3 306 10 3176




$lL

Table_15 . Additional structures installed in Crooked Fork and White Sand Creek by reach type of structure, 1984.

White Sand
Twin Bridges
Number of Total Total Swing Total Total
i elled Rebar . Free Jetliy Downgstream V
6a 2 1 1 0 0
7 1 0 1 0 0
8 2 0 0 1 0
9 2 0 0 1 0
10 2 0 0 1 - 0
TOTAL 9 —— 1 ; 2 3 0]
Cabin Creek
Number of Total Total Swing Total Total
__Site #  Trees Felled ~~ Rebar Free Jetty _ Downstream V
5 1 0 0 1 0
6 2 0 0 1 0
7 1 0 1 0 0
8 1 0 1 0 0
9 2 0 0 1 0
12 1 Q 1 0 -—0
129 2 0 0 1 Q
TOTAL 10 - 0 3 - 4 - 0
Beaver Creek
Number of Total Total Swing Tctal Total
Site # = Trees Felled Rebar _Free Jetly Downstream V
10 2 0 1 0 0
11 2 0 2 0 0
TOTAL Yy 0 3 Q 0
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Table__15 . (Cont.)

Colt Creek Cabin

Number of Total Total Swing Total Total
i Felled Rebar Free Jetty  Downgtream V
14 1 0] 1 0 0
17 : 1 0 1 0] 0
TOTAL 2 0 2 0 0
Crooked Fork
Three Quarter
Nunmber of Total Total Swing Total Total
Site # Trees Felled Rebar ____FEree Jetty  Downstream V
1a 2 0 2 0 0
2a 1 0 1 0 0
4 1 0 1 0 0
5 1 0 0 0 1
5a 1 0 1 0 0
6 1 0 1 0 0
6a 1 0 1 0 0
6b 2 0 1 0 0
6¢c 3 0 0 1 0
Ta 1 1 0 0 0
8a 1 1 0 0 0
Qa 1 0 1 0 0]
10a 1 1 0 0 0
TOTAL 17 3 9 1 .1
Reach Below Higlway 12 Bridge
Nurber of Total Total Swing Total Total
__Site¢# @ TreesFelled _ Rebar Free Jetty __ Downstream V
10a 2 0 0 0 1
2 0 0 0 1
_GRAND TOTAL 4l y 19 8 - 2
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CROOKED RI VER HABI TAT | MPROVEMENT PRQIECT

Planning for the restoration of
Meanders on a Trial Basis

ABSTRACT

Long reaches of Crooked River, southwest of Elk Gty, Idaho, have been
heavily inpacted by gold dredging. Sonme reaches have been pushed to one
side of the valley, straightened and steepened. Vegetation, woody debris,
shade, overhangi ng banks, and pools . . . conponents of diverse fish
habitat, are in extrenely short supply. Hgh velocity riffles and |arge
substrate are predom nant.

Some prelimnary habitat inprovenents have been conpleted by the
Forest Service on several reaches of Crooked River. The project discussed
in this report covers the hydrologic, geonorphic, river mechanics and
bi 0- engi neering aspects of considering the reconstruction of "pilot
wgaﬂders" in a reach of Crooked River about three miles north of O ogrande,
| daho.

Consi deration was given to several alternatives including: (Q
installing habitat structures and a flood plain in existing reaches o
Crooked River; (2) adding recessed backwater areas to the existing channe
for rearing habitat; (3) building one or two pilot meanders just north of
the energency airstrip (the project reach); (4) cutting a more random
channel through the dredge tailings in a less-constricted valley area
upstream (south) of the airstrip;, and (5) letting the streamcontinue to
work towards its former natural state (do nothing).

The last alternative is not reasonable in |ight of the time required
for natural restoration. A so, this project is part of a Ia{ger progr am
for fish and wildlife inprovenent in the Colunbia R ver basin.

The major risk in meander restoration is the possible |oss of water
through the highly porous bed and banks. These woul d seal over tine, but
can be corrected with gravels, sands and fines during an initial, |owwater
diversion period. The design of the neanders is based on sinilar channels
inthe region and calls for lower than nornmal floodplains to encourage
overbank flow, riparian vegetation and bank stabilization.

1 Northwest Power Planning Council, 1984. Colunbia River Basin Fish and
WIflife Program Adopted Nov. 15, 1982; anended Cct. 10, 1984. Portland
Oregon, p. 56.
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|, I NTRODUCTI ON

Currently, as a result of sold dredging, the portion of Crooked River
near the emergency airfield is flowing on a steeper and straighter course
than prior to dredging.

Therefore, this reach of Crooked River has |ess spawning and rearing
habitat, velocities are higher, bed naterials are larger and natura
diversity in the channel (pools, riffles, woody debris and vegetative
cover) is sorely lacking

There are three major alternatives to consider in planning to restore
fisheries habitat in Cooked River (see Figure 1 for site plan):

1. let the streamdo the work and adjust over a l|onger period of tine

towards a nmore natural state;

2. add habitat enhancenent features to the nearly straight existing

channel along the east side of the valley; or

3. accelerate the process in (1) by constructing a meandering channel

to the west of the existing river channel, through the dredge
spoils, and utilize existing depressions and trees to enhance
the habitat in the constructed meander(s).

QG her mnor alternatives are discussed in the next section.

This report has been prepared to docunent existing |and and water
information, Present the results of field investigations and office
analysis, and provide guidance to Forest Service and |daho Department of
Fish and Ganme (IDFG personnel in the selection of the appropriate
alternative. This report does not discuss costs, but surveys and transects

are presented so that cost estimates can be made by the Forest Service
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engi neer assigned to the project. This information, plus the cost
estimates for habitat inprovement structures, will be used in devel oping
costs of the alternatives.
The USFS has decided that two "pilot" neanders should be constructed,
the WU Project Team has field staked the neanders, and will orient the
Forest Service Project Engineer to the site conditions.
Bef ore discussing the alternative methods of inproving spawning and
rearing habitat at this "pilot study" site on Crooked River, there are
certain geomorphic channel criteria which should be summarized in order to
conpare past, existing and future conditions.
1. Under natural conditions, the "pilot" channels of O ooked R ver
woul d be about 2530% | onger than they are now, and the reaches
woul d probably be incised in a meadow .

2. The term"pilot" is being used because the habitat and produc-
tivity of the restored nmeanders are to be conpared with the
habitat and productivity of a "natural" (baseline) reach and a
"straight" reach upstream beside the airfield where habitat
i nprovenent features (boul ders, drop structures, trees and
wi |l ows) have been installed.

3. The existing gradient of the valley is about 1.4% which is equal

to the valley gradients in sinmilar undisturbed neadows near by,

such as Ten-mle Creek just to the southwest.

1 Details on design criteria and how they were devel oped are included in
the chapter on Hydraulic Design of Meander Channels.



But, the natural channel slope in nearby streams is about 1.0%
whereas the present slope in Crooked River averages about 1.4%
The length ratio of channel length (river) to valley length is
1.30 in natural channels and only about 1.05 in the study reach of
Crooked River.

Changing the channel by restoring one or tw neanders of 25%
l onger length than now exists will be prinarily a gravel, cobble
and soil noving project. Therefore, approximate cut and fil
vol unes have been estimted for both the upstream and downstream
"pilot" meanders for prelininary conparison of alternatives.

Whet her the existing channel were to be inproved with habitat
features (Alt. 2), or the neander(s) were to be restored (Alt. 3),
simlar habitat enhancement features would have to be installed in
each channel .

The existing channel would require nmore constructed features than
the pilot neanders, due to its steeper slope, its instability and
tendency towards braiding, and its lack of natural pool structure.
The meander "pilot" channels can be constructed as close to
natural conditions as desired, and the Ievel of habitat features
to be installed can be selected based on available funds on a year
to year basis. Some of the "pilot" neander features for habitat
enhancenment are al so hydraulic design features (glides, pools,
riffles), and control structures such as log sills and |arge

rocks.



10. Only two sonewhat simlar projects which involved the restoration
of natural neanders in a dredged area were found in either the
literature or through personal contacts.” Mst habitat restoration
in dredged spoils havei nvolved the placenent of habitat
i nprovenment structures in the existing channels, sonme channel

reshaping and stabilization, and the use of shore plantings and/or

woody debris.
[1. DI SCUSSI ON OF ALTERNATI VE METHODS FOR HABI TAT | MPROVEMENT

Besides the three choices |isted earlier, these alternatives exist:
1. Do not hi ng;

2. Inprove the existing channel to a higher level than Alternative 2;

and/ or

3. Divide the river into two channels in order to double the potentia

habitat (prelimnary consideration requested by USFS);

Anot her habitat inprovement (for rearing) would be achieved by the
connection of some existing ponds to the river by excavating a channel or
cul vert connection. This alternative No. (5) is discussed in this section
but cannot be conpared directly with the other alternatives, except No.
(1), do nothing. In a letter from D strict Ranger Bob Castaneda, dated
Septenber 12, 1984, the Forest Service chose not to consider inprovenents
in the potential rearing ponds at this timéher bases of conparison
mght be in ternms of the relative anount of habitat inprovenent

construction required by each alternative.

2 Bol and, 1984: Brusven, et al.1974; and Jackson and Van Haveren, 1984,



The prelimnary assessment of these alternatives is presented on the
next few pages using a method of Indices and a Decision Matrix. Referring
to Table 1, the Alternatives are arranged across the top and Factors or
Indices which will affect the effectiveness and project life of each
Alternative are listed down the side.

The factors listed are not the only ones which can be considered.
Space is left for "Qher(s)" under G The factors initally selected are
for: measuring qualitatively the conparative costs (earth noving, A
habitat structures, B); water supply conditions (C); post-construction
resi stance to damage (stability, D); how long it would take to achieve a
hi gh degree of spawning or rearing productivity (relative time, E e.g.,
conpared to each other alternative); and probability of "success" (F),
meani ng how confident we are that each alternative will achieve and sustain
an inproved |level of potential habitat conpared to existing conditions.
Qher (G factors which might be used are: the amount of (level of)
habitat diversity created by each alternative, or the relative total anount
of habitat created by each alternative by type needed, and/or just the
total habitat Created.

There are a few basic operating rules for using this matrix approach
to conduct a prelininary analysis of habitat inprovenent alternatives:

1. Do not constrain the solutions3 by interjecting costs until the

alternatives have been established, discussed and weighed. Even
then the alternatives must be quantified before the costs are

consi der ed;

3 See first paragraph p. 5 and p. 6 of report by J.F. Orsborn, June
21, 1984. "An Evaluation of Plans for Habitat |nprovements on
Upper Dredged Area of Crooked River," Nez Perce National Forest.



AHL/WSU_10/84

Table 1.

Conditions and Explanation of Terms

(see text for more detafls)

Crooked River Habitat Improvements--Alternatives Matrix

AHL/WSU 10/84

ndices Factors

To Consider

Alt. (1):

Do Nothing

Alt. (2): Improve
Habitat in
Existing Channel

-E: Méande} 1

Alt. (3): Construct meander(s)

With Habitat
Improvement

B. Meander 2
With Habitat
Improvement

Alt. (4): Split
Channels
river and meander

Alt. (5): Backwater rearing areas
{(Compare 5A only with 58)

A. Seepage flow
Only

B. Small pipe
flow from river

A. tarth
Moving

B. Adi Habitat
Improvements

C. Surface and
Groundwater
Conditions

D. Stability
of channel
and Habitat
Improvement

E. Relative
Time to
Achieve
High
Productivity

F. Risk - or
Probability
of success.

G. Other . . .
such as
Habitat
Diversity

None

None

- FAST -
Poor pool:
riffie ratio
— 0.

Poor-1in
transition to
meander .

Very long.

High risk; or
low proba-
bility of
success.

Some, to install
structures and
modify channel.

Only shade and a
tew poor structures
available . . . .
requires total

flow control.

River on very steep
siope at higher
elevation than
west ponds. G. W.
drops rapidly.

Run risk of high
maintenance .
stream still steep
at high flows.

Much quicker than
Alt. (1) depending
on habitat improve-
ments used.

Higher risk of
damage to habitat
improvement
structures.

Largest amount but
cuts and fills can
be balanced.

Shade and pools
exist (some).
to add all new
features.

Need

New channel will
intercept some G. W.
flow. May have to
seal.

High stability
because meander
will be on more
natural slope.

Rapid increase
depending on degree
of improvement.

Some risk in terms
of leakage but can
be accounted for.

less cut and fill
than meander 1.
Larger pond.

Other factors for
Meander No. 2 are
Similar to Meander
No. 1.

farth moving would
total Alt. (1) and
(3A) or (38B).

Would have to add
all improvements.

Low flow is to Tow
(15 cfs ) to
split.

Poor in existing
channel, good in
meander(s?.

Same as each
alternative in
combined form.

High risk of see-
page loss and dry
reaches in August
and September.

Cut channel(s) from
pond(s) downstream
to river channel.

Would need to add
diversity and
stability to outlet
channel(s).

Similar to now,
but high flows
would back into
channels.

Good stability,
except for silt
from backwater.

Rapid, but would
need some vegeta-
tion for shade.

High probability

of rearing success.
Does not provide
spawning areas.

Some, extra to
fnstall supply
pipe from river
to pond(s).

Would enhance
habitat year
around and avoid
trapping.

Design to use

small amount during
low flows. Enhances
biology.

Would maintain
flow path in
channel and
encourage faster
vegetation growth.

Faster than 5A
because water
supplies certain
year around.

Better probability
of success due to
stability of water
flow.

e ——————————

Total Index

sums for each alternative.

Note:

Indices range from 10 (best) to O (
These indices are not quantifiable term

poorest) depending on the realtive level of each factor to each Alternative.
s--they are relative to each other horizontally.

(see example)




The index scale is applied horizontally for each factor, one at a
tinme, by conparing the relatively "goodness" of each alternative
agai nst the others; the highest rating should be assigned first,
then the lowest and then the internediate ratings;

The objective of fisheries enhancement through habitat inprovenment
structures (nodifying the hydraulic geonetry of the river
channel ), must be kept in mind (as well as longevity);

Several peopl e’should read the qualitative assessment of
conditions and terns in Table 1 to understand how we envision that
each factor will relate to each alternative. The conbined effects
are eval uated when the total indices for each alternative are
conpar ed;

The sane team of people should review our SAMPLE ANALYSIS in
Table 2, keeping in mndthat this analysis is from our
perspective of the projectqut that we followed the objective(s)

in part (3) above;

Keep this principle of indices in mnd: it is not the actual
values of the indices which are inportant, but rather their
di fferences anong the alternatives.

I n-depth discussion by the team of each factor, and how it relates
to each alternative will help define the true (basic, real
natural) problems and thus generate the best solutions.

The habitat criteria provided by the Forest Service on 7/6/84 have
been applied to the hydraulic design of the two alternative

neanders; and also to Alternative & nproving the existing river

* USFS and/or |DFG personnel .
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Assunes Habitat Inprovenent in Both Channels.
Factor D above assunmes no inprovements in
No River inprovenent.

river.

Table 2. Sanple Analysis---Use with Table 1---Explanation of Terns
(CROOKED RIVER HABITAT IMPROVEMENTS ALTERNATIVE MATRIX
For River Reach just north of airfield in Sec. 20, T28N, RGE. Rated b':_’lL— Date: ‘8[8‘4_
ALT. (1): ALT. (2): Improve ALT. (3): Construct meander(s) ALT. (4): Split ALT. (5): Backwater rear areas
FACTORS Do nothing existing channel A. Meander 1 B. Meander 2 channels (Compare SA only with SB)
with hab. impr. with hab. impr. river plus meander JA. Seepage flow only B 5%&_&“'_ rpTpe Tlow
Earth Moving 10 8 l 3 0 7 5
Add Habitat 10 9 3 4 3 5 10
Improvements
Water Conditions 1 7 8 9 9 5 8
surface and ground
Stability of channel . 6 9 10 7 73 8b
and hab. Impr.
Relative time
to achieve 1 1 8 9 1 8 10
high productivity
Probabilit
ofrosjc;;sys 1 8 8 8 4 2 9
Habitat ]
Diversity 1 9 8 8 9° 6 7°
TOTAL INDEX 25 47 45 51 32 40 57
: . . AHL/WSU, 10/84
1 River; 9 Side Channel Conbined.
1 River; 10 Side Channel Conbi ned.
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channel . This assunes a high level of relative habitat
i mprovement will be applied to both Alts. (2) and (3). Details on

t he neander designs are included in a |ater section on hydraulic

desi gn.

An explanation of the SAMPLE ANALYSIS (Table 2) foll ows.

Sanpl e Analysis O Aternatives

«Refer to Tables 1 and 2

«Alternatives 5A and 5B are only for rearing and can be conpared only
with each other, and Alternative 1, Do Nothing;5

« The split channel (Alternative No. 4) was included by request but
shoul d not be seriously considered because of: 1--the low flow in
each split channel; and 2--the difficulty in maintaining two (2)
viabl e channels

. Conparison will be discussed in ternms of ALTERNATI VES.

o Wen considering a factor for each alternative (as in the earth noving
exanpl e above), select the alternatives with the 0 & 10 val ues, and
then select the relative internediate values of the index for the
other alternatives.

« Considering the other factors for each alternative, the Iow and high

val ues were selected and then the others were placed in their relative

positions:

5 Alternative 5, Rearing Ponds, is included only for denonstration purposes,
not as part of this year's neander pilot project.



o« Refer to Table

1

EXAMPLE OF ANALYSI S OF ALTERNATI VES

s 1 and 2

. Aternatives 5A and 5B are only for rearing and can be conpared only with

each ot her.
o The split cha

nnel

(Aiternative No. 4) was included by request but shoul d

not be seriously considered because of:
1. The low flow in each split channel; and
2. The difficulty in maintaining two (2) viable channels.

o« Conparison wll

be discussed in terns

of ALTERNATI VES.

Larger Lake to

Laraer amount of include in nmeander. And Sone Channel
Cut & Fi%1, for 21 Modi fi cati on.

& P2. pstream (P}

Yearder JifFficylt on Less Cut & Fill

Sain 33% mare “orgtn, [ tran A1t 3(A).

1. Do Nothing 3A. Build upstream Meander #l
see
Table 2
2. Inprove the River 3B. Build downstream Meander #2
Rel ative 0 12 3 4 5 6 7 8 9 10 [ FACTOR A
Scal e 4 Earth
Exanpl e - o« Moving
(Vol ume)
Difference Rel ative
5 cost
| r'] - *
i Alt. (2)
[ Alt. (38) |
‘ Alt. 1
Split
Pegyires ! - Alt. 2 Do Nothing
Maximum Llt, 34
| Cut & Fill .
Alt. 38 Cut and fil} —]

Required for habitat
Structure Installation




FACTOR
B. ADD HABI TAT
| MPROVEMENTS

(drop structures
shade, boul ders,
pools, riffles,
cover, etc. . . .)

C. SURFACE AND
GROUNDWATER
CONDI TI ONS

Seepage gain and

| oss, depths,

vel ocities, pools,
riffles, utility.

D. STABILITY of both
the nodified
channel s and the

habi tat features.
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DI SCUSSI ON FOR ALTS. |-2-3A-3B only
Nothing required in Alternate (1), but the

Control of mgration, spawning and rearing

flows, was assumed for Alternatives

2 and 3B. The level of habitat inprovenent
was assumed to be the same for each. But,
the results in the existing river channel
woul d not be as effective as in the meanders
because of the steeper slope and instability
in the existing channel

Alt. (1) wll leave the flowin the existing
channel  which is in an erratic state of
transition while trying to meander, and has

relatively little natural habitat. Meander 2
(on the P-2 survey line) will provide better
flow habitat conditions than Alts. 2 or 3A
because of its better plan view geonetry, its
| arger pond (No. 8), and the reduced vol ume
of cut and fill

As mentioned earlier the existing channel is
on a steeper than natural gradient. There-
fore, any habitat inprovenent will be in a

| ess stable environnent than in RESTORED
MEANDERS 1 or 2 (Alts. 3A & 3B). Also, the
meander plan, profile and cross-sections can
be constructed for design flows nore easily
than the existing channel can be nodifi ed.

More structures would be required in the
exi sting channel to stabilize it than in a
meander of |onger |ength.



E. Relative TIME
to achieve an
increased |eve
of Biologica

Productivity.

F. PROBABILITY OF
SUCCESS (+), AND
OF RISK (-).

G OTHER
FACTORS
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This is a function of how conpletely each
alternative mmcs natural habitat conditions
for such a stream The nore diversity and
stability of the habitat features, as well as
the near-future hydrologic cycle, wll govern

how rapi dly productivity rises.

This will be a function of: (1) the anount
of habitat inprovenents; (2) their diversity;

(3) the water supply conditions; (4) channel

and habitat inprovenment stabilities -- but

there are other risk factors which include:

(1) loss of part or all of the low flowin a
new meander;

(2) wash out of habitat features (loss of
flow control & habitat continuity); or

(3) an extreme flow (flood event |ike 1964)
whi ch coul d abandon the existing channel
or a neander

The potential seepage |oss can be managed

t hrough proper design and construction, and

damage potential can be minimzed.

Coul d be devel oped as discussions proceed,

and coul d include factors such as:

(1) the relative anount of habitat increase
above the existing level in the river
channel; or (2) an index of habitat diversity
for each alternative
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Based on our analysis, we would recomrend Alt. 3(B) as the nost
promsing alternative to construct a "pilot" neander to conpare with
habi tat inprovements upstream beside the airfield, and with the baseline
reaches. But, we recommend that the Agency Team conduct its own eval uation
using the Decision Mtrix method.

The basic differences in initial costs between enhancing the existing
channel with habitat inprovments, and building one or both neander
channels, is in the extra cost of cut and fill in the meanders, assum ng
the sanme level of habitat inprovement in each alternative. Wen conducting
your assessment of the alternatives you may wish to use some different
factors which you feel are more inportant. The indices are not fixed!

The net hodol ogy shoul d probably be applied by say three or nore
individuals, and their results conpared, discussed and justified.

Then, you can nmake a cost estinmate of habitat inprovenents and earth
moving and conpare the costs of the alternatives to available funds. The
hi ghest level of jnprovement should Se planned, and then staged, so that
the best long-range results are achieved.

NOTE: Followi ng review of the prelimnary report the Forest Service
indicated a preference for planning to construct both meanders.
Consideration will continue through the winter.

[11. GENERAL SITE CONDI TI ONS
The Crooked River project area is located in central |daho, southwest

of Elk Gty on U S Forest Service Road 233 ( SW1/4, NW1/4, Sec. 30,
T28N, RBE,). The site covers an area of approximtely 850,000 square feet
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within the Crooked River Basin. Crooked River is a tributary of the South
Fork of the Clearwater River (Figure 1).

During the 1940's and 1950's the site was dredged for gold, disrupting
much of the natural stream habitat. Piles of reworked cobble, gravel, sand
and silt create a combination of nounds and depressions throughout the
site. These surface deposits are nostly coarse gravel and boul ders that
were brought to the surface during the dredging process. Pines and other
pi oneer vegetation have started to grow throughout the site, though there
are still large sections with no vegetative cover.

As a consequence of the dredging Crooked R ver was pushed to the east
side of the stream valley against a steep side hill. The river is
currently forced to flow down a relatively straight channel, restricting
the devel opnent of natural habitat. Also located on the site are a series
of ponds hydraulically connected to each other and to the river through
subsurface flow. ~On the west side of the site six of these ponds forma
l'ine approximately parallel to the stream beside Forest Road 233.

The purpose of this study is to consider ways in which this section of
Crooked River could be "normalized" into a state nore conducive to the
restoration Of fish and wildlife resources. In order to do this, two
prelimnary meander patterns have been devel oped. These neanders were
laid out based on the existing nmeander patterns, pond |ocations,
t opography, vegetation, desired habitat features and hydraulic constraints.

In the next chapter the nmethods of data collection and interpretation
of this data for both the land and water are discussed. This is followed
by the analysis of the hydrologic systemand estimtion of |ow, average
and flood flows for Crooked R ver. The actual neander designs are

devel oped in the follow ng chapter of the report.
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V. DATA COLLECTI ON AND | NTERPRETATI ON CF
EXI STING LAND SURFACE CONDI TI ONS

On July 3-6, July 20, August 2, and Cctober 19-20, 1984 topographic
surveys were conpleted on the Crooked River study area. Gound controls of
the topographic survey are shown on the map (Drawings A-C) attached at the
back. Figure 3 shows these two basic |oops as well as the I|ocation of
a series of tenporary bench marks and a permanent baseline that were used
for the initiation of additional survey work. Al elevations determned in
this survey are established relative to an arbitrary elevation of 1,000
feet at BM#1. Between August 2 and Cctober 19 irresponsible person(s)
removed all but 4 control points and threw nost of the survey stakes and
staff gages in the river. A mjority of the tine on Cctober 19-20 had to
be spent in reestablishing the control system before the two final meander
alignments could be established. These new alignments are discussed in
detail in the section on neander design, and in Appendix II.

The major purpose of these surveys was to lay out two lines, called Pl
and P2, (P-lines), which approximate the |ocation of possible meanders
(Figure 2). Due to the exrenely variable topography of the site, one of the
first activities of the field survey was to walk these proposed meander
routes and docunent the field conditions. The establishment of the initial
"P-lines" was aided by indentification of:

« Natural take-off locations (stations 0+00) for the meander departure
points along Crooked River;
o natural tangent |ocations where the neanders could rejoin Crooked River

at an acute angle;
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Figure 2. Pond and Surveyed P-Line Layouts.



18

X
y)(lllll _\l‘kk

-’/.- e —

Only CP-7, -8, -10, and
BM-3 remain. See Draw-

) W]

P!

2

ol ing A at back for final
a survey controls.
x

:.

bt

P

J

4

"NOTE: See revisions in project
control in section on
meander design.

l‘k
R
- \k((
\-~

Lrun ' Not to Scale AHL/WSU, 10/84

Figure 3. Transit Control Loop Locations and Bench Mark Locations



19

« exi sting ponds and depressions that could acconodate the new channel
thus reducing sonme of the cut and fill requirements; and

sexisting trees that could lend "instant" habitat enhancement along the
new channel

Level |oops were done to verify elevations at stations and controls and
establish benchmarks along the P-lines. Stations were chosen every 50
feet, or where there was a mgjor change in direction or a break in grade.
Elevations on either side of the P-lines were determined in transects using
a hand level. Using these elevations, a series of cross sections were made
at each station along Pl and P2. These cross sections were |ater used to
estimate the anount of cut and fill for the construction of the neanders
and to help finalize the grade and shape of the neander channels.

Results of the field survey along P-lines are presented in Appendix Il
at the back of the report as are three maps of the study site. Predom nant
tree clusters, ponds and the existing river layout were considered for each
meander site. The recommended survey lines (P-lines) and channe
centerline are sketched with regard to the existing topographic features
and in accordance with hydraulic design requirenents.

Addi tional docunentation of the upstream survey |ine wth photographs
taken at stations along the survey line |ooking "downstreani were presented
with the prelimnary report. The photographs were referenced to a map of
the survey line to permt the reader to "wal k" the proposed upstreamroute

(P-1).
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v. LOCAL SURFACE AND GROUNDWATER

The location and el evation of the major ponds and of the stream edge
were found by a series of side shots fromthe main transit control |oops. A
series of nine staff gages were then placed in the ponds and another one in
the streamitself to nonitor changes in the water |levels over a tine.
Figure 4 shows the location of these staff gages and Table 3 records the
readings. It should be noted that the readings are only relative to the
reference elevation of 1,000 feet at BM #1 and indicate water surface
el evations, not actual stream or pond depths. Table 4 is an index to
Crooked River water surface elevations. Locations are recorded on the nmap
at the back of the report.

Figure 5 shows a profile through ponds 5-7 on the west side of the
study area. The mjor source of water for these ponds are small streans
fromthe west side of the watershed, surface runoff, and Interflow from
Crooked River. During the period of this study the first two sources were
mnimal, indicating that ground water fromthe river valley deposits is the
maj or contributor. At the south ends of ponds 4-7 around water seepage was
observed, indicating a direct hydraulic connection between ponds. The
average hydraulic gradient was found to be 0.024. Variation fromthis
gradient could be due to a pond having additional sources of recharge or
di scharge, thus changing the elevation head between ponds.

A series of electrical conductivity and tenperature measurements were
made in the streamand in the ponds. Due to the relatively clean porous
nature of the gravel deposits simlar conductivity and tenperature val ues

woul d be expected. |f the ponds were being fed by a deeper ground water
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Figure 4. Staff Gage Locations.
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Table 3. Staff CGage Data for Crooked River Project
Washington State University/Elk Cty Ranger District

Rate of Reading and Wter Surface El evations®

Staff Cage

Nunber July 6, 1984 July 20, 1984 August 23, 1984
1 994.05 ft. 993. 35 ft. 993.44 ft.
2 988. 49 988. 45 988. 45
3 985. 66 984. 36 no record
4 986. 33 986. 05 overgage
5 975. 15 974. 48 no record
6 983. 15 983. 34
7 not installed not installed not installed
8
9 978. 10 978. 15
10 975. 03 975. 02
11 974. 88 974. 86
12 975. 47 975. 42

AHL/ WBU, 10/ 84

1 Elevations are relative to a benchmark established as 1, 000.00 ft.,

| ocated at the south end of the project near the north end of the
airstrip.
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Table 4. Index to Water Surface Elevations,
Crooked River, Idaho
Original New WBE Ref erence
Dat e WBE Nunber Nunber El evat i on’

7141 84 No field nunber 1 Del et ed -

7141 84 W62 W51 994. 29
7141 84 W63 W52 993.94
7141 84 W64 WE3 992. 58
7141 84 S5 We4 992. 28
7141 84 W\E6 WE5 991.58
715/ 84 W51 W\E6 987.53
715/ 84 W62 WE7 986. 63
715/ 84 WE3 W8 985. 83
715/ 84 W64 WE9 985. 28
715/ 84 WE5 WE10 984. 93
715/ 84 W6 W11 984. 63
715/ 84 WE7 WE12 984. 23
715/ 84 W8 W13 984. 08
715/ 84 W69 W514 984.03
715/ 84 WE10 WE15 982. 33
715/ 84 W11 W516 983. 13
715/ 84 W12 W17 982. 53
715/ 84 WE13 W618 981.93
8/ 2/ 84 WE2 W618 979. 68
715/ 84 W514 WE19 980. 08
8/ 2/ 84 W51 W19 981.75
8/ 2/ 84 WE3 W520 979. 67
8/ 2/ 84 W64 Ws21 979. 00
8/ 2/ 84 WE5 WE22 978. 55
8/ 2/ 84 W6 W523 977. 67
8/ 2/ 84 WE7 W24 977. 17
7120/ 84 WE8 WE25 973. 45

1 Stations nunber from South to North in direction of flow

2 Elevations referred to TBM NE of Runway, Elevation 1000.0.
AHL/ WU 10/ 84.
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aqui fer the values of conductivity would be much higher since the ground
wat er woul d have been in contact with nore dissolved ions. A so, the
tenperature would be warner. Table 5 shows the conductivity and
tenperature values at various locations. As expected, the pond and streams
have simlar values with the ponds being slightly higher. This indicates
that the ponds and streans are all directly connected and makeup a shal | ow
ground water flow system

The stream el evations are generally one to two feet higher than the
correspondi ng pond elevations. Therefore, the streamis recharging the
ground water supply or is an influent stream This is confirmed by direct
observation of ground water seepage on the south east side of pond 8 where
the streamflow is directed toward the pond before it starts to meander to
the east (Figure 4). Since the streamwas, at the time of this study,
approaching its low flow period, it can be expected that it recharges the
ground water year round.

In addition to staff gages for measuring water levels in the ponds,
the stream was gaged just upstreamof crib #4 to measure flow changes.
Figure 6 is a plot of flow (Q versus time (t). As the plot indicates,
flows on July 20 and August 2 were nearly the sanme. This could be due to a
series of large rain storms occuring through the last week of July. A plot
of Q versus staff gage readings was made as a basic calibration curve,
allowing flow determnation directly fromthe staff reading. Fl ow
measurements were also nmade on July 6, on the small stream on the west side
of the site that feeds pond 5. The stream flow was found to be about 4
cubic feet per second. On the later field trips this flow was approaching

zero, but in Cctober it had increased due to early snowrelt.
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Table 5. Water Conductivity And Water Tenperature Val ues
At The Crooked River Site on July 4, 1984

Locati on Conductivity Tenperature

(urhos) (°C)
Near S.G #1 23 11
South Cul vert 32 11
Near S.G #2 25 10
Pond #5 (South End) 29 10
Pond #5 (North End) 22 10
Pond #3W (Sout h End) 26 11
Pond #3W (North End) 27 11
Pond #l 22 10
Near CP6 - Stream 18 9
Near BMB - Stream 18 10

AHL/ WU, 10/ 84
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VI.  HYDROLOG C ANALYSIS

Met hods

This chapter explains methods for determining |ow, average and flood
flows for the Crooked River study area. The rel ationships used to
determne these flows have been devel oped in four previous studies:

1. Relationships of low, average and flood flows for streans in the

Pacific Northwest (Orshorn, 1975a).
2. Surface water resources of the Coeur D Alene, St. Joe and St.
Maries rivers in northern Idaho (Orsborn, 1975b).
3. Magnitude and frequency of floods in small drainage basins in Idaho
(Thomas, 1973).
4, Rel ationships anong streanflow, drainage basin and channel
characteristics (Tsang, 1980).
Based on paraneters such as precipitation, differential basin elevation,
stream length, and basin drainage area, these reports contain a series of
rel ationships for determning streanflow characteristics. Conbinations of
these rel ationshi ps have been applied in this report to estimate the |ow,

average and flood flows of Crooked River.

Avai |l abl e | nformation

Precipitation

The average precipitation for the Crooked River area was found to be

approxi mately 50 inches per year. This information was taken froma US.
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Wat her Service precipitation map of Idaho and confirnmed by the Nez Perce
Forest hydrologist. This average precipitation is simlar to precipitation
records for the Coeur D Alene area (Orsborn, 1975b).

Basin Characteristics

Basin characteristics (drainage area, differential elevation, and total
stream I ength) for the Crooked River basin were collected fromU.S.
Ceol ogi cal Survey topographic maps (1:24,000 and 1:250,000). Differential
elevation (H for the basin was determined to be 0.47 miles. Thi s
el evation, taken fromthe 1:24,000 scale nap, is a nmeasure of the
di fference between the upper headwater el evation (longest continuous
contour line at the headwaters), and the base elevation at the site
(Figure 7). Drainage area (A) for the Crooked River basin extends fromthe
north edge of the study site, upstreamto the watershed divide. The 42
square mle area was determned with an electronic digitizer from 1:24,000
scal e topographic maps. Total stream length (LS) was digitized from the
same maps and found to be 84 nmiles. To measure the stream |l engths, an
assunption was made that streams depicted as intermttent on the nap
(dashed blue lines) were actually perennial. Previous field experience of
the authors has indicated that dense cover in the forested areas typically
inhibits photogrammetric efforts to map the streams in their entirety. Time
constraints precluded a thorough field evaluation of the actual |ength of
the streans.

In order to check the basin characteristics' hydrologic relationships
deternined in the Coeur D A ene study were used (Orsborn 1975b). Map data
showed a relationship of streamlength to drainage area of LS = 2.0(A). The
same relationship for the Coeur D Al ene basin was LS = 1.4(A). To assune

that the Crooked River is simlar to the Coeur D Al ene basin (due to
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CROOKED RIVER STUDY BASIN

{ \ l N Study Site Watershed

(O ' Crooked River Watershed

South Fork Clearwater River
SCALE: 1:250,000

Available Information

TOTAL

Watershed Parameter STREAM LENGTH BASIN AREA BASIN RELIEF
LS : 59:84 mi. AB=42 mi. HB: 0.47 mi.
-
Geometric Description M8
i

AHL/WSU, 10/84 NOTE: Precipitation %50 in/yr

Figure 7. Crooked River Study Site.
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simlar basin characteristics and climatic data) would yield a total stream
length (LS) of 59 niles, as opposed to the 84 miles measured from the map.
This discrepancy is the result of an uncertainty in the percentage of
intermttent to perennial streanms on the topographic maps used. Therefore,
both values for total streamlength were used to give a range of values for

estimating streanflows.

Estimati on of Flows

Streanflow estimates were cal cul ated using rel ationships devel oped in
the four studies mentioned previously and have been summarized in Table 6.
In all calculations involving stream | engths, two values of total stream
length (LS) were used. The value of 84 mles was neasured directly froma
t opographi ¢ map and the value of 59 mles was derived from relationships
devel oped in the Coeur D Al ene study.

Average annual flow (QAA), or the mean of all annual nean flows for the
period of record, was calculated two different ways. In the first nethod
(Table 6; Relationship 1) Tsang correl ated basin geomorphic paranmeters with
characteristic streanflows in the St. Maries Rver basin in northern |daho
(Tsang, 1980). Average annual flow (QAA) has al so been determ ned using
such paraneters as: average annual precipitation (P), drainage area (A),
and a regional coefficient ranging from0.045 to 0.060 for this particular
hydrol ogi ¢ province (Orsborn, 1975b). Relationships 2 and 3 (Table 6)
determne QAA using the two ranges of coefficients, whereas relationship 4
uses an averaged coefficient. The average annual flow, determned in

relationship 4 to be 110 cfs, will be used as the average val ue.
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Table 6. Summary of Flow Estimates, Crooked
River Restoration Site

FLOW
SYMBOL RELATIONSHIP
QAA QAA = 1.40 (LS)
QAA QAA = 0.045 (P-A)
QAA QAA = 0.06 (P-A)
QAA* QAA = 0.052 (P-A)
Q7L2 Q7L2 = 0.32 (LS)(H)1/2
0.20
7120 7120 = 2=S(q712
‘ q 0.32 )

* 1.5
QF2P QF2P = 1000[?T?5§ﬁ§7—:y4
* 1.4
QF50P QF50P = 1000 ETTET%%%EFT:RJ
1.35
QF2P QF2P = 6.31 (5793%6737]

*Use QAA = 110 CFS, Average Annual Flow

LOCATION
(BASIN)

St. Maries

Coeur D'Alene
Coeur D'Alene
Coeur D'Alene
Coeur D'Alene

Coeur D'Alene

Clearwater

Clearwater

Coeur D'Alene

SOURCE

Tsang 1980

Orsbhorn 1975b
Orsborn 1975b
Orshorn 1975b
Orsborn 1975b
Orsborn 1975b

Orsborn 1975a

Orsborn 1975a

Orsborn 1975b

FLOW ESTIMATES (cfs)
LS = 84 mi

LS = 59 mi

83
94
126
110
13

856

2681

999

AHL/WSU, 10/84

118
94
126
110
18
12

725

2275

849

2¢
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Two different low flows were calculated, the 'I-day average low flow
with a two-year recurrence interval (Q7L2), and a 7-day average |ow flow
with a twenty-year recurrence interval (Q7L20). These flows were deter-
mned with relationships devel oped in the Coeur D Al ene basin study using
total streamlength (LS) and differential elevation (H (Table 6;
Rel ationships 5, 6).

The two types of flood flows estimated (Table 6; Relationships 7,8,9)
were the instantaneous peak floods with a recurrence interval of two years,
based on an annual peak flood series (QF2P), and the instantaneous peak
flood with a recurrence interval of fifty years (QF50P). The relationships
for these estimtes were devel oped as a regional hydrol ogic nodel for the
Cearwater basin (Province 2) in ldaho (Orsborn, 1975a). Also, Q2P was
calculated using the Coeur D Alene study (Orsborn, 1975b) resulting in nuch
higher flows. For all three calculations, a value of 110 cfs was used for
average annual flow, (QAA).

Average Annual Flow (QAA)

The estimates for average annual flow ranged from 83 to 126 cfs. The
val ue obtained using the averaged coefficient for the Coeur D Al ene study
(Table 6; Relationship 4) was 110 cfs. This value was to be used as a
first estimate. In order to obtain a range of values for average annual
flow, flow records for a typical wet year (1972) and a typical dry year
(1973) for the Coeur D Alene basin were exam ned (USGS, 1973-1974). A
relationship between the average annual flow for the year, and the average
annual flow cal cul ated over the period of record was found for 1973 and
1974 to be:

Average annual flow in wet year (1972) 1. 35( QA4
Average annual flow in dry year (1973) 0. 50( QrA)
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The coefficients of 1.35 for 1972 and 0.50 for 1973 found for the Coeur
D Alene basin are very simlar to those found for two representative gaging
stations |ocated near the study site of Crooked River (Figure 8). The
station on the South Fork of the Clearwater River near Elk Gty, Idaho
(13338500) shows coefficients of 1.36 for 1972 and 0.49 for 1973. The
station on the Lochsa River near Lowell, Idaho (13337000) has slightly
hi gher coefficients of 1.48 for 1972 and 0.58 for 1973. This can be
attributed to its higher elevation. Therefore, using the relationships
found in the Coeur D Al ene basin, the range of average annual flow val ues
(QAA) for Crooked River has been estimated to be 55 cfs to 150 cfs.

To confirmthe first estimate of average annual flow, (QAA) for Crooked
River, US Forest Service mscellaneous discharge neasurenents taken at a
station near the nouth of the Crooked R ver, have been conpared to
corresponding daily flows for stations on the Lochsa and the O earwater
(Table 7, Figure 8, USGS, 1979-1980). A graph of the Crooked River
m scel | aneous neasurements versus corresponding daily flows on the Lochsa
and the Cearwater show a direct relationship on log-1og paper (Figure 9).
There are a few nmeasurenments that do not seemto fit the trend. These
measurenents were taken during the rising linb of the hydrograph which
predi ctably woul d not show a good flow correlation due to the variability
of streanflows during initial seasonal runoff. Better correlations
typically occur during the falling linb of a particular hydrograph when
streanflows have less variablility. Wth flow relationships between the
three rivers established, average discharge for the period of record
(through water year 1980) for the Oearwater and Lochsa were |ocated on the
graph, and the correspondi ng average annual flow for the Cooked River

station was found. In order to relate the flow values at the nouth
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Table 7. Mscellaneous Discharge Measurenents

Crooked River' Lochsa S.F. Jearvater®
Dat e Discharge (cfs) Discharge (cfs) Discharge (cfs)
5/ 24/ 79 695 19400 4760
6/ 06/ 79 181 10400 2150
7119179 48 1070 318
5/ 26/ 80 308 8610 5350
6/ 03/ 80 533 7980 3720
6/11/ 80 413 8740 2770
6/ 19/ 80 444 7130 2600
6/ 24/ 80 288 4550 1970
7130/ 80 53 901 460

(1) Crooked River Station, near nouth SE 1/4 NE 1/4, Sect. 25, T29N, R7E
(CSFS measurenents).

(2) Lochsa river near Lowell, Idaho 613337000 Drainage area = 1180 m 2
(USGS, 1979-1980).

(3) South onrk Cearwater at Stites, |daho #13338500 Drai nage area =
1150 mi© (USGS, 1979-1980).

AHL/ WSU, 10/ 84
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(Drainage Area = 71 sq. mles), to the flows at the site (Drainage area =
42 sq. mles), the QAA for the Crooked River station was multiplied by the
factor of (42/71). This gave an average annual flow (QAA) of approximately
103 cfs which reinforces the first estimate of 110 cfs.
Low Fl ows

The range of estimated flows for Q7L2 was from 13 to 18 cfs (depending
on the stream length used) with an average of 15 cfs (Tabl e 6;
Rel ationship 5). The range of flows for Q7L20 was between 8 and 12 cfs
with an average of 10 cfs. As a check on these estimates, a seven-day
average low flow recurrence interval graph was drawn (Figure 10). The
slope is very close to the slope resulting fromflow nmeasurenents on the
Coeur d' Al ene River above Shoshone Creek (Orsborn, 1975b). The Coeur
d' Al ene River above Shoshone Creek is simlar to Crooked River in
precipitation and its low flow recurrence interval graph slope of 0.19
verifies the estimate of low flows for Crooked River shown in Figure 10
Fl ood Fl ows

As mentioned previously, two methods were used (Table 6; Relationship
7 and 9) to estinmate the instantaneous peak flood with a recurrence
interval of 2 years (QF2P). Both relationships involved QM and Q7L2 where
QL2 varied from13 to 18 cfs. If 110 cfs is used for average annual flow
(QAA) and an average QL2 of 15 cfs is used, the average flood flow (QF2P)
ranges from 830 to 1075 cfs. The first average estimate then was chosen to
be 1,000 cfs. The value of the 50-year flood (QF50P) was previously
estimated to range between 2,275 to 2,681 cfs (Table 6; Relationship 8).

Usi ng anot her regional relationship devel oped for Province 2 of Idaho in
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the Pacific Northwest report where QF50P = 2(QF2P), the 50-year peak flood
woul d be about 2,000 cfs (Orshorn, 1975a). This value will be used for the
upper design flow estimate.

Maxi num daily flow (QFD) can be related to the 50-year peak flood flow
(QF50P) using relationships devel oped for Maxi mum Daily and | nstantaneous
Peak Floods for Oregon provinces: QFD = 1.2(QFP)®* (Orsborn, 1975a).
Assuming the maximum daily flow (QFD) occurs on the sane day as the
i nst ant aneous peak flood6 with a 50-year recurrence interval (QF50P)
maxi num daily flow (QFD) is determined to be about 1800 cfs.

To confirm these estimates of QF2P and QF50P, data containing 2-year
fl oods and maxi mum of record floods for the O earwater, Spokane, and
Koot enai River basins were anal yzed (Table 8). A graph was drawn of flood
di scharges (2-year and maxi num of record) versus drainage area (Figure 11).
The graph shows that Crooked River, with a drainage area of 42 sg. niles,
shoul d have an average flood (QF2P) of approximately 1000 cfs and a maxi mum
flood of 2,200 cfs, which approximate the first estimtes of QF2P and
QF50P

Wth these estimates confirned, a flood frequency curve can be drawn
(Figure 12). The peak flood flow with a 100-year recurrence interva
(QF100P) read fromthe graph woul d be approxi mately 2,700 cfs.

Duration Curve Estimate

Using the flows estimated previously, a duration curve was devel oped
(Figure 13). Average daily flow at the site is graphed against the
percentage of time the flow is equalled or exceeded. To plot our
estimations it is assumed that the maximum flow or 50-year flood in this

case is equalled or exceeded approximately zero percent of the tine, the

6 True for greater than 95% of the events



Table 8.

Station Number

Clearwater River Basin
13335420

13336600

13336650

13336800

13336850

13337200

13338200

13339700

13339900

13341140

13341300

13341400

Spokane River Basim
12411800

12412120

12413450

12413470

12413700

12413950

Kootenai River Basin
12313000

12305500

Station Name

Selway River
Swiftwater Creek

E. Fk. Papoose Crrek
Warm Springs

Weir Creek

Red Horse Creek
Sally Ann Creek
Canal Gulch Creek
Deer Creek

Big Canyon Creek
Bloom Creek

E. Fk. Potlatch River

E. Fk Eagle Creek
Canyon Creek

Pine Creek

S. Fk. Coeur d'Alene R.
Latour Cr. Near Cataldo
N. Fk. St. Joe River

Myrtie Creek
Boulder Creek

Drainagq
Area (mi

211

12

13

.00
.19
.51
74.
.20
13
.90

70

5.90
6.80

22

41

24
111

37

53.

.50
.15
.60

13
18.
74.

310.

.80

.00

10
00
00

.00

00

3

Flood Discharges For Clearwater, Spokane, and Kootenai River Basins
Data from References (3), (5) and (6).

Maximum
Of Record (cfs)

2-Year
Flood (cfs)

3700

83 150
77 125
2260

270 470
92 200
191 305
112 291
79 485
8360

51 151
610 1740
457

817

5290

9440

1400

3500

1260

2720

AHL/WSU, 10/84
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average annual flow (QAA) is equalled or exceeded 30 percent of the time
the Z-year low flow (Q7L2) is equalled or exceeded 95 percent of the tinme,
and the 20-year low flow (Q7L20) is equalled or exceeded close to 100
percent of the time. Variability of this curve is estimated using a wet
year like 1972 and a dry year like 1973. The variability in average annua
flows for these two years is used as a guideline to estimte the typica

average daily flows for a wet year and a dry year.
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VIT.  HYDRAULI C DESI GN OF MEANDER CHANNELS

| NTRODUCT! ON

There are two basic requirenents for the design of the "pilot neanders”
whi ch must be considered simltaneously:

1. the hydraulic characteristics to develop a stable channel; and

2. the biological or habitat characteristics of the channel which are

dependent on the channel geonetry and its flow characteristics.
The habitat criteria’ will be integrated into the neander design in the next
chapter.

Initially, the meanders will be designed to fit natural criteria
devel oped from data on other streans in the vicinity. Then these design
criteria will be fit to the site conditions, and then adjusted to neet
constraints such as mnimzing excavation

DESI GN' CONSI DERATI ONS

In attenpting to restore these pilot reaches of Crooked River to a
"nore natural" state than currently exists, consideration of channel
geonetry nust be included in three dinensions (or planes):

1. VERTICAL--plan view of the channel pattern (straight, braided or

neander i ng) ;

2. PROFILE--the slope (or gradient) of the streamis related to the

plan view, in that the stream slope controls velocity, and thus
STREAM POAER, the bed material size distribution, and sedinent
transport; and

3. CROSS- SECTION--the "hydraulic geonetry" of the channel relates

water surface (top) width, mean flow depth and nean velocity to
streanflow at various stages.

As the neander design progressed some constraints which had to be
consi dered incl uded:

I Provided by D. Hair, U S Forest Service, July 20, 1984; are listed and
di scussed |ater.
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1. fitting the meander channels to the existing "ponds" to help reduce
the amount of excavation;

2. considering possible seepage | osses out of the channel;

3. balancing the nunber and types of habitat features which should be
designed into the meander construction, versus those which shoul d
be allowed to devel op over tine; and

4, location of the airstrip.

These constraints are addressed as they arise in the design process.

Design Geonetry

Plan View

The nmeander pattern, valley length and streamlength are the three
maj or physical features to be considered in this view.

The meander pattern as it now exists in Crooked River in the project
reach is as shown in Figs. 14A and 14C. Al so shown in Figs. 14A and 14B is
the meander pattern for a reach of Tenmle Creek of the sane valley |ength
of about 2.7 mles (this is not the Crooked River project length, but a
conparative valley length). The drop in elevation over the 2.7 #niles is
200 ft. in both valleys. The follow ng table summarizes the plan view and
gradients of the two streans.

Val | ey Stream Drop in Stream
Stream Length Length El evation LS/ LV G adi ent
Crooked 2.73 2.88 200 1.05 0.0132 (1.3%
Tennile 2.73 3.64 200 1.33 0.0104 (1.0%
(Units) — (mi)  (mi) (1) () () (4

Symbol LV LS D E Sinuosi ty D E/LS S
(P)
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Fig. 14B. Map of Reach of Tennile Creek Southwest of Crooked River Project Sit::
Used to Develop Natural Meander and Slope Criteria. USGS North Pole
Quadrangl e, 1979. Scal e--1: 24000.
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Fig. 14C.  Map of Reach of Crooked River in Vicinity of Meander Restoration
Project Site. From USGS Orogrande Quadrangle, 1979. Scale-
1:24000.
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The valley gradients are the same (200 ft. in 2.73 m.; 0.0138 or 1.4%.
Al though the Tenmle Creek valley is about twice as wi de as the Crooked
River project valley, the meander pattern maintains a relatively narrow band
as shown in Figs. 14A and 14B. The neander pattern is classified as
"irregular" which indicates that the pattern is controlled predom nantly by
the variable consistency of the deposits through which it flows. For
exanpl e, the heterogeneous mxture of valley deposits presents the stream
Wi th varying resistances to scour and erosion, such as |enses of clay,
partially cemented |ayers and deposits of larger bed materials from side
val | eys.

The local slope of the existing Crooked River project channel varies
between 1.3 and 1.5 % which closely approxi mates the average valley slope.
The sinuosity of the existing channel (LS/LV = P), P = 1.05 but should be
closer to 1.33 as it is for Tennile Creek in the table. This ratio will be
one of the guides in designing the "pilot neanders."

Profile

The slope of Tenmle Creek, used as a natural reference, averages 1%
but of course local variations are steeper and flatter in bends and straight
reaches, depending on |ocal controls.

The slope of Crooked River in the vicinity of the project is an average
of about 1.4% but this has been altered somewhat by the installation of
habi tat inprovenment structures.

In designing the two meander "pilot channels" the average design slope
w |l be about 1% but |ocal slopes in various parts of the new channels wll
vary between about 0.5 and 2% These will be the average slopes between
control point elevations.

Cross- Section
There are three basic alternative approaches which can be taken when

designing the meander channel (s) in ternms of the relationships among width,
depth, velocity and stream flow, or as these features are collectively
called, the "hydraulic geometry."
The approaches are:
1. Match the geometry with natural reaches of Crooked River or nearby
"simlar streams";
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2. Develop "regional relationships" among channel characteristics,
design flows and basin characteristics; and

3. Use hydraulic analysis of water surface profiles, shear stress on
the boundaries, and bed material sizes related to that shear
stress, with all of these related to a design flow.

The first nmethod could not be used because no reach of Crooked R ver
with simlar valley slope and materials could be found in an undi sturbed
state. Tenmle Creek was too renpte to acquire onsite transect data.

But, a US. Geological Survey report by Harenberg, et al. in 1980 gave
detailed information on the hydraulic geonetry of numerous gaging stations
in the region. Also, a paper by Jackson and Van Haveren (1984), provided
gui dance on channel geonetries which assist in the re-establishment of
riparian vegetation and other considerations such as structures to provide
stability in the channel banks until vegetation can be established.

Therefore the design process involved four major steps:

1. prelimnary design of a channel 30 ft. wde at the bottomwth 1.1
side slopes as exist in the dredge spoils with a uniform 1% bed
sl ope;

2. devel opnent of regional channel design characteristics using
bankful | flow (assumed to be a 2-year flood) for design

3. conparing, verifying and adjusting the first two designs to fit
wi th channel sections having flood plains for flows greater than
the 2-year flood; and

4. fine-tuning the design to fit the project site constraints such as:
(a) the existing contours;

(b) the existing swales and ponds;

(c) the elevation of the new meander channels with respect to the
road; and

(d) the location of the north end of the airstrip.

Meander Hydraulic Geonetry

The design flows used to calculate depths, water surface profiles and
shear stress in channels of various geonetric cross-sections were:
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Fifty-year flood: QF50 = 2000 cfs
Two-year flood: QF2 = 1000 cfs
Average Annual Fl ow QA = 110 cfs
7-day, 2-yr., and QL2 = 15 cfs

20-yr. Low Fl ows: QrL20 = 10 cfs

These flows were determned by the nethods described in the section on
HYDROLOG C ANALYSI S.

Conparing the ratio of 50-year to two (2)-year floods for other gaging
stations in the vicinity, it appears that the 2-year flood nay be on the
order of only 800 cfs, rather than 1000 cfs. This assumes that the 50-year
flood of 2000 cfs is approximately correct, as verified in the hydrologic
regional analysis.

These design floods were used in the hydraulic design of the two new
pi l ot meanders:

1. PRELI'M NARY DESI GN

Bottomw dth (B) = 30 ft., 24 ft.; side slopes 1:1 and 1:2, no
flood plain; calculate normal mean depths and critical® depths for
(a) uniformbed slope; and
(b) various bed slopes to give desired bed material sizes and
habitat conditions.
The normal and mean depth were calculated for flows of 2000, 1000 and
100 cfs. Low flows will follow the thalweg which will not cover the full
wi dth of the channel. The results of the prelimnary analysis are
sumarized in Table 9.
A sketch of channel cross-sectional geonetry, related to bottom w dths
and side slopes, and a nonenclature sketch, are presented in Figure 15.

2. DESIGN USING REG ONAL CHANNEL CHARACTERI STICS AND BANKFULL FLOW

Using data from Harenberg et al. (1980) the information on seven
gaging stations, covering a range in drainage basin sizes which
bracketed Crooked River (42 sq. m.) at the nmeander site, has been
summarized in Table 10. The relationships between: Bankfull flow,

2 TranﬁitBon depth between mld slopes (glide, pool) and steeper slopes (in
riffles
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Table 9. Prelimnary Analysis of Crooked River Meander Channel Geonetry and
Depth Related to Bed Slope, Side Slopes and Discharge.*

Bott om Side Bed Roughness Nor mal Critical
Fl ow Wdth Sl ope Sl ope Fact or Dept h Dept h
Q B Z S n Yn Yc
(cfs) (ft)y (-) (-) (-) (1) (1)
2000 24 1:1 0.015 0.036 5.92 5.54
1:2 5.44 5. 16
30 1:1 5.23 4. 89
1:2 4.91 4. 64
1000 24 1.1 3.95 3.59
1:2 3.72 3.42
30 1.1 3.46 3.14
1:2 3.32 3.04
100 24 1:1 0. 040 1.06 0.81
1:2 1.05 0.80
30 1:1 0.93 0.70
1:2 0.92 0.70
2000 30 1:1 0.015 0.036 4.63 4. 89
0.010 5.30
0.007 5.89
0.005 6. 50
1000 30 1:1 0.015 0.036 3.11 3.14
0.010 3.51
0.005 4,32
100 30 1.1 0.015 0.040 0. 84 0.70
0.010 0.94
0.005 1.16

*See Fig. 15A for nonenclature. Calculated val ues using Manning's
equation for assumed "n" values based on Barnes (1967) and field
observation
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Table 10 Gaging Stations and Channel

Characteristics Used in Regional

BANKFULL CHANNEL GEQVETRY

Desi gn Anal ysi s*

o
[=)]

_ Drai nage  Bankful | Aver age Aver age Top Wdth Flow Area Mean Depth
Station _ Area Flow, B Precipitation Annual Flow, QA WB AB DB
No. Station Nane (sq. m.) (cfs) (in./yr.) (cfs) (ft) (sg. ft) (f1)

12411000 Coeur d' Alene Rnr. 335 5460 52 725 171 855 5.0
Shoshone

12413140 Placer C. nr. 15 330 52 39 44 67 1.5
Wl | ace

12414900 St. Maries R nr. 275 2440 42 361 120 532 44
Sant a '

13336100 Meadow Cr. nr. 241 4400 45 437 111 454 4.1
Lowel |

13336850 Weir Cr. nr. 13 137 31 34 1.2
Powel | RS

13339700 Canal @lch C. nr. 6 46 16 19 1.0
Pierce RS

13341400 E.F, Potlatch R nr. 42 496 46 60 40 92 2.3

Bovi | |

*Station data fromHarenberg et al. (1980).
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B (the 2-yr. flood, QF2 = 1000 cfs at the Crooked River project);
Flow Area, AB, at bankfull flow, and Top Wdth, W, at bankfull

flow are related to drainage basin area (DA) in Figure 16.

Desi gn equations devel oped from Figure 16 are:

Bankful |  Fl ow B = 28.0 (DA 0.90
Bankful | Area: AB = 6.0 (DA 0.82
Bankful | Top: W8, = 14.0 (DA) > (Upper)

Wdth (Range of Values) yp, = 6.6 (DA) ™™ (Lower)

An analysis of the Upper Salnon River channels by Emrett (1975) yiel ded

the following simlar equations: (averages)

B = 28.3 (DA *® UPPER SALMON
AB =56 (DA % R VER EQUATI ONS
WB = 8.1 (DA “*; and a mean depth equation of

DB = 0.69 (DA *%.
Referring to Figure 17 the regional equation for depth at bankfull is

DB = 0.50 (DA) O 39.
These equations predict DB = 1.9 and 2.1 ft., respectively, at the project

site. Average annual flow (QA and QM)3 is shown in Figure 17 al so.
Using the Crooked R ver Project drainage area of 42 square mles yields

the foll owing design features fromFigures 16 and 17:

Bankful | Flow B = 810 cfs
Bankful | Area: AB = 129 sq. ft.
Top Wdth (Range): WB = 42-56 ft.
Mean Dept h: DB = 2.2 ft.

QA = 107 cfs;  Confirms 110 used in Hydrol ogic

+

Average Fl ow
Analysis for P =50 in/yr %

To check these design values, data from Harenberg et al. (1980) was
plotted from Table 10 relating the channel top width (WB), mean depth (DB),

and flow area (AB) to bankfull flow (QB) as shown in Figure 18.

3 QAis used to concur with USGS nonenclature, and is the sane average annual
flow (QA) in the HYDROLOG C ANALYSI S Chapter.
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Basin Drainage Area in Study Region.

BANKFULL FLOW DEPTH, DB (FT)
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The equations resulting fromthis analysis are:

Fl ow Area: AB = 0.25 ((B) *®
Top Wdth: ywg, = 2.5 (Q8) ™%

0.50,
(Range) \B,

1.8 (QB) ;and
Mean Depth: DB = 0.3 (QB) **.

These equations, using a range of bankfull flows of 800-1000 cfs, yield
the follow ng channel sizes for a bottomwi dth of 40 ft. and 2H 1V side

sl opes:
Bankf ul | Bankf ul | Top Wdths Mean Dept h
Flow, QB Area, AB VB, VB, DB
(cfs) (Sq. ft.) (ft.) (1)
800 143 71 51 2.5
1000 179 79 57 2.8

The nost consistent values for channel geonetry and bankfull flow,
based on the regional data, are:

Bankful | Fl ow. QB = 900 cfs
Bankful | Area: AB = 150 sq. ft.
Bankful | Top Wdth: WB = 55 ft.
Bankful | Depth: DB = 2.5 ft.

Based on the continuity equation (@B = AB x VB), VB = 900/150 = 6.0 fps

is the mean velocity.
Using the table at the bottom of Figure 15 for a side slope of 45°,

and DB = 2.5 ft, AB =only 81 sq. ft. (q = 20°, AB = 92 sq. ft.).
Therefore, the bed width B will need to be increased to about 36 ft
(B). Then, for g = 20° to enhance vegetative growth, and DB = 2.5 ft., WB =

50 ft.
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If DB = 3.0 ft (controlled by channel slope), then for g = 20°, B = 40
ft.; WB = 56.4 ft. and AB =.145 sg. ft. and VB = 900/ 145 = 6.2 fps.

The depths, calculated for 1000 cfs for various slopes and recorded in
Table 9, showed Yy = 3.3 ft. and YC = 3.0 ft. for B =30 ft. For B = 40
ft., YN = 2.4 ft at 1000 cfs.

If DB = 3.0 ft., for a side slope of 2H 1V, B = 40 ft., WB = 52.0 ft.,
AB = 138 sq. ft. and VB = 6.5 fps. If B = 800 cfs, VB = 5.8 fps, about 11%
| ess than at 900 cfs. It woul d probably be best to nake the bank hei ght
only 2.0 ft. (DB) so that the flow would spread onto the flood plain nore
frequently, and accelerate habitat devel opment. Al so, the base width of the
channel (B) could possibly be reduced to say 35 ft. which also would
encourage nore frequent flood plain flow  For these two base width (B)
conditions of 35 and 40 ft., bankfull flow (as a function of slope), would
be about as shown in Table 11, for a roughness coefficient (n) of 0.036 in
Manni ng' s equation and side slopes of 2H 1V.

Table 11. Bankfull Flow Related to Channel Bottom Wdth and Slope for 2:1
Side Slopes and Bankfull Depth of Two Feet

Bottom Wdt h, Bed Sl ope, Bankful | Fl ow,
(B), ft. (S) ft. (B), cfs.
35 0. 005 333
0.010 470
0.015 577
0.020 666
40 0. 005 370
0.010 524
0.015 640
0.020 740

“ YN and YC are nornal and critical depths in the trapezoidal channel with
a 40-ft. wide base (B) and 1:2 side sl opes.
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It appears that narrowing the channel to 35 ft. at the base m ght cause too
frequent overtopping of the bankand/or channel wi dening due to higher
vel ocities. Therefore,it appears to be best to hold the bottom w dth (B)

at 40 ft. and reduce the flood plain (bankfull depth, DB) to 2.0 ft. %
above the neander channel bed.

Dependi ng on the channel slop@ormal depth will be greater or less
than critical depth, providing either pools or riffles, respectiVeky.
design profiles, velocitiesjzes of bed materials, and channel geonetry
are discussed in the next sections.

Conparison of Channel Size Wth Qher Enpirical Methods

Based on the work done el sewhere in other gravel-cobble streans, the
estimated size of the bankfull channel, derived fromthe regional analysis,
was conpared with extra-regional equation&llerhals (1967) devel oped a
series of equations for the geometry of straight reaches of gravel-paved
stream beds in netric units:

A. Channel Top Width: W = 3.26 (Q) 0.5

B. Velocity, Shear Stress,

Depth and Grain Size: - 6.5 (-4 )%
epth and Grain Size: #g-- . (_D'Q'O)

C. Critical Shear Stress: Toc = f,Rs = 15.79 (D90)0.80

D. Mean Depth: d = 0.183 (Q)0-4 (p9o) -0.12

E. Mean Velocity: V =1.68 (Q)0-1 (D90)0.12

F. Channel Slope: S = 0.086 (Q)-0-4 (p90)0.92

Using Eqs. A, D, E, and F, the top wdth, (W, nean depth, (D), mean

velocity (V) and Slope (S) for normal depth were cal culated for the average
annual flow of 100 cfs, and flood flows of 1000 and 2000 cfs, as shown in

Tabl e 12.
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Table 12. Channel Geonetry Estinmation for O ooked River Based on Gavel
Stream Equations from Kel | erhals (1967)

Di scharges, cfs

Equati on For 100 1000 2000
A W (m 5.5 17.4 24.6
(ft) 18.0 57.0 81.0

D D (m 0.33 0. 84 1.11
(ft) 1.10 2.80 3.60
E V- (nps) 1.6 2.0 2.1
(fps) 5.1 6.5 7.0

F s (-) 0.015 0. 005 0.004

These channel characteristics, when calculated using the regional analysis
of channel paraneters, gave (for Q = QBF = 1000 cfs), WB = 52.0 ft.,
DB = 3.0 ft., and VB = 6.5 fps, very close to the values in the fourth
colum in Table 12.

Estimated Bed Material Sizes Related to Channel Sl ope

Using information on the relationships between mean grain dianeter
(D50) and channel slope (S) from Jackson and Van Haveren (1984, Table 1, and
Fig. 4, pages 698, 699), an equation was devel oped such that

D50 = 4054 (9™

The data for this equation were taken in a stable reach of Badger O eek,
Col orado for which the authors were trying to reconstruct a disturbed
neadow. The graphical relationship for this equation is shown on the |eft
side of Fig. 19. In addition, the stream power was cal culated fromthe
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Badger Creek data and plotted versus D50 on the right side of Fig. 19
yielding the equation

D50 = 800 (VS)*®

where V = the nean velocity at bankfull flowin ms, Sis the slope and D50
is the mean grain diameter in nmm

Appl yi ng these equations to crooked River under the design conditions
of bankfull flow (QB = 1000 cfs, VB = 6.5 fps) the anticipated nmean grain
size on the bed can be related to the design slopes as shown in Table 13.

Table 13. Estimated Mean Gain Dianmeter on Streanbed (050) Related to
Stream and Stream Power at Bankful |l Flow

Estimated D50, mmt*

From
Bed Bankf ul | Mean Velocity, V Stream From Stream
Slope, S Flow @B, cfs* ft/sec ns Power, VS, ms Sl ope Power

(1) (2) (3) (4) (5) (6) (7

0.005 300 3.4 1.05 0.005 0.1 111
(0.40) (0.44)

0.010 425 4.8  1.46 0.015 22.3  26.6
(0.88) (1.05)

0.015 520 5.9  1.80 0.027 34.8  42.9
(1.37) (1.69)

0.020 600 6.8  2.10 0. 042 49.2  61.4
(1.94) (2.42)

*Flows from Table 11, but reduced by 20% to account for n = 0.045 (see text).
**Values in () are in inches.
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The agreenent between the values in colums (6) and (7) is quite good
Referring to Fig. 19, note that the left graph is for average val ues (Col
6), whereas the right graph is drawn through the upper data points (Col. 7).
Also, the right graph for stream power (Col. 7, VS) uses velocities
estimated from Manning's equati on using the roughness factor n = 0.045.
Therefore, the grain diameters in colum (7) were estimated using n = 0.045,
the channel bed width (B)= 40 ft, and the bankfull depth, DB = 2.0 ft. If
n = 0.036, as was estimated for the Crooked River neanders, the val ues
calculated for D50 in colum (7) would decrease by about 20% As n
decreases, velocity increases, and D50 would decrease by about
(0.045/0.036) %% = 1.20, or 20% smaller in the calibration graph.

Had n = 0.036 been used in the original calibration data from Badger
Creek, the right graph in Fig.19 would have been shifted to the right, thus
predicting smaller D50 val ues,by about 20% for the same stream power.

So, in the Crooked River case using n = 0.036, we should have D50
val ues about 20% larger than those using the graphs and equations in Figure
19.

Size distributions were not run on the Crooked River bed materials, but
dependi ng on the parent material and slope, the sizes would range about as
shown bel ow

Si zes
Sl opes D16 D50 D84 (inches)
0. 005 () 0.50 ()
0.010 0.30-0. 40 1.00 4.0-5.0
0.915 0. 50- 0. 60 1.50 6.0-7.5

0. 020 0.75-0.90 2.25 8.0-24.0
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MEANDER CHANNEL LAYQUT I N PLAN, PROFILE, AND TRANSECT

[ ntroduction

Drawings A, B, and C, which depict the site plan, survey controls,
cross-sections (transects) and neander |ayouts are |ocated at the back of
this report.

All of the site water bodies (the existing streans and the various
ponds) are shown in Drawing C,which includes the original survey control
and prelimnary route lines for the two neanders. \Water surface elevations
taken during several of the site visits, are recorded in Drawing C to
provide information on the stream profile. After the original survey
controls were vandalized (except CP-7, CP-8, CP-10, and BM3), the site had
to be re-surveyed and the control system re-established.

This final survey was conpleted on October 19-20, 1984. This control
system and the centerlines (P-lines) for the two neanders are shown in
drawing A.  To avoid a possible second destruction of the survey, all the
control points (CPs) were spray painted with orange paint and buried under
cairns. In addition, the CPs were tied in wth nmeasurenents from bl azed
trees. Also, the P-lines were thoroughly cleared of trees so that the
routes are obvious, and the stations (0+00, 0+50, etc.) were spray-painted
orange on rocks every 50 ft. Not es describing the |ocation and
triangul ation points of the final survey are in Appendix Il of this report
after the list of references.

Description of Meander Channels

The details of the two neander channel |ocations, curvatures, stations,
bed el evations, transects and relations to existing ponds are presented in
Drawing C.  After it was considered at the neeting on February 13, 1985, not
to construct the meanders, the transects for the downstream neander were not
laid out in Drawing C.  Also, there was not tine on Cctober 19-20 to
re-survey and stake the transects in the downstream nmeander. This will have
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to be done if the meander is to be built. But, the cross-sections for the
upstream neander (No. 1) which are shown in Drawing B are typical of
transects throughout the meanders.

Meander Plan View

As described in previous sections on the hydraulic geonetry of the
channel, the natural neander patterns in these valley systens are

"irregular.” This indicates that they are relatively unstable, and the
meanders translate laterally and downstream as "softer spots" are eroded
more rapidly than other parts of the banks. In order to stabilize the new

meanders nore rapidly, so that the riparian zone would re-establish nore
qui ckly, these neanders were designed with a uniform long radius of
curvature.

RC = 2.5 (WB)

where RC is the center radius of curvature, which in natural channels
averages about 2.5 tines the width of the channel at bankfull flow  For our
original channel, flowing 3 ft. deep (DB) at bankfull, with 2H 1V side
slopes, and 40 ft. wide at the base (B), the top width (WB) would be 52 ft.
For the suggested revised channel with the lower flood plain (DB = 2 ft.
instead of 3 ft.), the top width would be 48 ft. Therefore, a radius of
curvature (RC) of 2.5 (50), or 125 ft., was used to blend the new meanders
into the existing stream channel and to fit theminto the ponds.

The plan views of the meanders are shown in drawing B along with the
| ayouts on the stationed P-lines which were thoroughly cleared |ast Qctober.

Meander Profiles

The bed el evations of the upstream neander are shown on the centerline
of the transects in Drawing B. These elevations control the slope in each
reach of the neanders.
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The details of the profiles, including stations on the centerlines,
ground elevations, meander (channel) bed elevations, center cut depth and
notes on the channel slope and special features are listed in Table 14 and
Table 15. Due to the shifting in routes between the prelinminary (7/4/85)
and final (10/20/85) surveys, the loss of sone survey markers, and shortage
of time, sone of the ground elevations on the centerline had to be
estimated. The various neander slopes govern the sizes of the bed materia
as discussed in the previous section (Table 13). Al the changes in grade
will have to be stabilized with logs set at the control elevations. These
features are discussed in nore detail under Habitat Inprovenent Features.

Meander Channel Transects and Capacity

The transects for the neander channels, as shown for the upstream
meander in Drawing B, are based on a standard cross-section shown in the
center of Figure 20. The bottom (B) is 40 ft. wide, side slopes are based
on a relatively flat grade of two horizontal to one vertical and the flood
plain height is 3 ft. in the center sketch. As was discussed earlier, the
flood plain could be |owered one foot (DB = 2 ft) so that the plain would be
inundated nore frequently and encourage the establishment of riparian
veget ation

The next factor to consider is that if the bankfull depth of flowis
set at DB =2 or 3 ft., which portions of the channel on certain slopes
(Tables 14 and 15) will overtop at a certain discharge. The left hand
series of graphs (parallel lines) in Fig. 20 shows discharge (flow) related
to depth (y = 1 to5') and to slope (S = 0.005 to 0.020, or fromO0.5 to 2%.
The parallel lines indicate that for each depth (y) above the bed there is a
general equation for flow such that

Q=C (S)Q?

This is just a condensed formof the Manning equation solved for the given
channel shape at each depth from1 to 5 ft. and for n = 0.036
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Table 14. Profile Al ong Upstream Restored Crooked River Meander Centerline*

Station on G ound Channel **  cut

Centerline Elev. Bed El ev. Dept h Not es
(ft) (ft) (ft) (ft)

- (1+00) 993.0 993.0 0.0 1.0% sl ope to Sta. 0+00
0+00 100. 4 992.0 8.4
0+50 999. 2e 991.8 7.4 0. 5% sl ope (0+00) - (1+00)
1+00 998. Oe 991.5 6.5 1.5% sl ope for 100 ft
1+50 993. Oe 990. 8 2.2 Fill left side
2+00 992. 3 990.0 2.3 2.0% sl ope for 100 ft
3+00 990.0 998.0 2.0
3+50 Pond No. 1 bed elev.984.0
4+00 991.5 988.0 3.5 1% sl ope to end, Sta. 8+40
4+50 992.5 987.5 5.0 Fill left swale
5+00 088. 2 987.0 1.2
5+50 991. 8 986.5 5.3 0.5 drop every 50 ft with
notched sill Iogs

6+00 990. 4 986. 0 4.4
6+50 988. 3 985.5 2.8
7+00 993.0 985.0 8.0
7+50 984.9 984.5 0.4
8+00 984.0 984.0 0.0 Rebui Il d habitat structures

downstream to next mneander.

Return to streamjust above
Crib No. 1.

*Based on survey of 10/20/84Refer to Drawings A and B at back of
report for, locations.e, elevation estinated.

**Meander bed el evati on.
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Table 15. Profile Along Crooked River Downstream Restored Meander Centerline*

Station on G ound Channel ** cut
Centerline El ev. Bed El ev. Dept h Not es
(ft) (ft) (ft) (ft)
- (0450) 978 .0 978 .0 0.0 Exi sting streanbed
0+50 988. Oe 977 .0 11.0 1% sl ope to sta. 1+90
0+90 987. Oe 976. 6 10. 4
1+90 983. Oe 975.6 7.4 Sl ope 1.5% (1+90) - (2+90)
2+90 974.0 974.0 0.0
2+90 to  4+490: Pond No. 8
4+90 976.0 974.9 1.1 1.4%slope, with 0.7 ft drop
every 50 ft using notched
|l og structures to Sta. 7+90.
5+40 979.3 974.2 5.1
5+90 979. 0e 973.5 5.5
6+40 981. 0e 972.8 8.2
6+90 980. Oe 972.1 7.9
7+40 976.0 971.4 4.6
7+90 971.4 970.7 0.7
8+40 970.0 970.0 0.0 Return to existing stream

just above Crib No. 5.

*Based on survey of 10/20/84.

report

** Meander

| ocati ons.

bed el evation.

Refer to Drawings A and B at back of
e, elevation estimated.
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When the depth of flow exceeds 3 ft., the dashed |ines (above the solid
lines for y = 4 and 5 ft) indicate the total flow including channel plus
flood plain flow  The difference between the pairs of dashed and solid
lines indicate the relatively snmall amount of flood plain flow on the two,
10-ft. wide plains, or one, 20-ft. plain. As the riparian vegetation
devel ops on the 2:1 side slopes and flood plains, the flow resistance wll
increase. As a result, a larger portion of the flowwll be forced to
renmain in the central channel, thus increasing the depth. Through this
process, either at a natural rate of change, or accelerated by shoreline
plantings and other steps, the natural stream neander will stabilize. To
conplete the general analysis of the relationships anong flow, depth and
slope, the coefficient (C) is solved for, on the right side of Figure 20, as
a function of depth.

For depths less the bankfull (DB) = 2 or 3 ft), the value of the
coefficient is

C= 1650 (y)"’

where 1650 is the intercept at y = 1 and 1.7 is the slope of the graph
(solid line with arrow fromthe above equation in the center of Figure 20).
If the flow depth exceeds the bank height for DB = 2', the coefficient wll
be determned by the equation of the dotted Iine such that

C = 1400 (y)® for y > 2 ft.

If the flood plainis 3 ft. above the bed (DB = 3 ft), then the coefficient
is defined by the solid line in the upper right corner and

¢ = 1200 y* for y > 3 ft.

The dotted and | ong-dashed | ower graphs are nerely extensions toy =1 ft.
to denonstrate the locations and values of the new coefficients (1200, 1400,
and 1650).
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By substituting the three equations for the coefficient (C as a
function of depth (y) into the general equation, a set of governing
equations can be devel oped as presented in Table 16.

Table 16. Equations Relating Flow in Crooked River Meanders to Depth of
Flow, Flood Plain Height, and Channel Sl ope

Range of
Fl ow Dept h,
Y, ft. Equati on Condi tions
0-2 Q= 1650 (y)“' (9)*°  Bankfull Depth,
DB = 2 ft
>2-5 Q = 1400 (y)® (9)°° - do-
0-3 Q=1650 (y)"' (S>>  Bankfull Depth,
DB = 3 ft
>3-5 Q = 1200 (y)® (9)°° - do-

The rel ationshi ps anong discharge, depth, slope, and flood plain flow can
be examned in the series of parallel lines on the left side of Figure 20,
and some conclusions drawn regarding limting slopes and di scharges which
affect channel design.

For a 2-ft. flood plain height, the flood plain will be overtopped for
all slopes ranging fromO0.5% 2. 0% at di scharges rangi ng from about 370-740
cfs. This means that alnost every year the entire reach of flood plain (on
all slopes) wll be inundated.

If the flood plainis 3 ft. above the channel bed, then for channel
reaches with slopes of 0.5%1.0% (0.005 - 0.010 on bottomscale), it wll
overtop between 760-1100 cfs. The average annual peak flood was estimated
to be about 1000 cfs. The peak flow is not as inportant for flood plain
devel opnent as are the three-day and seven-day average high daily flows.
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For streams in the vicinity of Crooked River (Lochsa, Selway, South
Fork Cearwater, and North Fork C earwater) several years of record showed
that the average one-day high flow runs about 75-80% of the instantaneous
peak flowin the South Fork basin. For all the basins there is a solid
relationship between the seven-day average annual high flow and its related
one-day high such that

QiH = 0.08 (QUH ™%,

So, for a two-year peak flood of 1000 cfs (considered to be natural bankfull
flow, @B), the one-day high would be about 750-800 cfs.
The seven-day average high flow woul d be about

Q/H = 0.08 (800) "™ = 340 cfs.

The three-day high is related to the one-day high approximtely by

@H = 0.18 (QH "
or, for QLH = 800 cfs,
QBH = 450 cfs.

This means that there is a 50% chance in any year that (referring to Figure
20, lower left two lines) for a 2-ft. flood plain bank height:

1. Al parts of the floodplain with channel slopes from 0.005-0.020 wi ||
be overtopped by the one-day average high flow (QLH of 800 cfs;

2. The flatter slopes of 0.005-0.010 will be inundated for about three days
(@BH = 450 cfs); and

3. Only the flood plains on the channel reaches with a slope of 0.005 wll
be inundated for onger than three days (Q7H = 340 cfs).
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So it appears that the decision to reduce the bankfull depth (flood plain
height) fromthree to two feet is a positive step towards inproving the
generation on good riparian vegetation. Flows |ess than the average
seven-day high floww !l still reach the root zone and provide silt on the
2:1 side slopes.

An estimate can be made of the amount of flood plain area that will be
inundated as a function of slope and discharge, by conbining the information
in Tables 14 and 15 on channel slope with the hydraulic geonetry in Figure
20 and the relationships among one-, three-, and seven-day high flows. The
results of this analysis are shown in Table 17.

Al though the flood plains are planned to be only a total of about 20
feet wde, this width is controlled by the design objective of mnimzing
excavation costs, and if space is available they should be 20-30 ft. w de.

Wien the channels are flow ng approximately five feet deep above the bed
(2-3 ft above flood plain) the flattest (0.5% channel wll just be able to
initially pass the 50-year peak flood of about 2000 cfs. Wen the flood
plains are unvegetated the total flow capacity will be about 2200 cfs. To
allow for future reduced flow capacity of the flood plain due to vegetation
as a general rule there should be at least two feet of freeboard on | ow
enbankments to contain the flows. Overtopping would not cause problens if
the top of the bank was relatively flat for a long distance, such as west of
Pond No. 1. But if the embankment had been constructed on fill, the outside
sl ope should be graded at |east 3H 1V to hel p avoid breaching.
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Table 17. Flood Plain Area Inundated in Meanders as a Function of Channel Sl ope
and Average Flood Flow
Stations
40.005 | 0.010 | 0.015 | 0.020 14 and 15 Not es
Upst ream Meander
100 -1+00 0+00 Entrance
100 0+00 1+00
100 1+00 2+00
100 2+00 3+00 Steep into Pond.
100 3+00 4+00 Pond No. 1 level.
400 4+00 8+00 Log drops at 1% every
50 ft. (0.5 ft).
Downst r eam Meander
240 -0+50 1+90 Entrance.
100 1+90 2+90 Approach to Pond No. 7.
200 2+90 4+90 Pond No. 7.
350 4+90 8+40 Log drops at 1.40% every
50 ft. (0.7 ft).
Total Lengths for Each Sl ope
400 740 550 | 100 | 1790 ft
Total Area in Flood Plain*
8000 14800 11000 | 2000 | 35,800 sqg. ft
Fl ood Plains Inundated for the Sl opes and Di scharges Shown
Areas Di scharges (cfs)
X X X X 2000 (50-Year Fl ood)
X X X X 1000 (2-Year Fl ood)
X X X X 800 (Average Maxinum Daily Flow)
X X 500 (@BH)
X 350 (Q7H)

*Two 10-ft wide flood plains, one each side of channel; or one 20-ft flood
plain on one side. Flood plains can be wider, but this is all the width
required to pass 2000 cfs if 2 ft. of freeboard are added for safety.
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VI1l. HABI TAT FEATURES
[ ntroduction

One of the nost inportant habitat inprovement features associated with
the pilot meander(s) will be the inclusion of flood plains. These will, by
being set |lower than normal, be inundated nmore frequently and for |onger
periods of tine.

A major consideration in the selection and design of habitat features
for a restored (new, raw, inert) channel is the rate at which the decision-
makers wish to have the channel return to a nmore "natural" state. The
approach taken in this report will be to reconmend a series of steps and
features to accelerate the devel opment of potential habitat volune and
diversity. Then, the managers can deci de which features will be installed
initially, thus governing the potential rate of habitat devel opnent.

The installation, during channel construction, of an aggregate sorting
and mxing plant is well worth considering. Then fines could be placed on
flood plains, spawning gravels could be nmxed and placed in certain reaches
and riprap (largest available natural materials) could be stockpiled. The
plant could be included in the call for bids as a separate item and then be
rejected or accepted as part of the award. This activity would certainly
assist in the acceleration of habitat diversity.

A series of recomrended habitat features is discussed, their typica
design features are presented and their reconmended |ocations are noted on
sketches of the meanders.

General dassification of Habitat Features

Habitat features are considered to be any aspect of the meander design
which assists fish" in spawning, incubation, rearing or mgration, plus the
installation of specific habitat inprovement structures or augnenting
features such as plantings.

There are three general categories of habitat features which can be
consi dered for the meanders:
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(1) Those which are ancillary parts of the hydraulic design of the channels
(such as bed elevation control sills [logs], bed naterial sizes as
governed by slope; drop structures to stabilize the channel gradient;
riffles, pools, riprap, floodplains and backwater rearing areas in
abandoned channel s);

(2) Habitat specific structures installed to create diversity and to neet
specific life stage needs of the fish (such as isolated and clustered
boul ders, flow deflectors, drop structures to trap spawning gravels
and/ or create rearing pools, deflectors to control the thalweg and
create depth diversity, and access to backwater rearing areas); and

(3) Features which accelerate the natural rate of habitat devel opnent (such
as introducing spawni ng gravel, bank shaping and revegetation or
seeding, and introducing overhangi ng shore cover and woody debris).

Over time, the structures installed to stabilize the channel (Category
1) will deteriorate, but by then the channel will be adjusted to a nore
diverse state, and stabilized with vegetation, woody debris and natural bed
and bank arnoring. The habitat criteria for the project, as provided by Nez
Perce National forest are listed in Table 18.

Description of Habitat Features
Category 1: Channel Hydraulic Design Features

1.1; Streanbed Elevation Control Logs (Fig. 21)
Functions .--set a predetermned elevation on the channel bed; hold
el evations at changes in channel gradient; stabilize cross-sections in
bends; provide same function as natural woody debris.

Applications.1l--at places where bed elevations are to be stabilized;
I n bends.

1 See Drawing B at back for orientation and stations, and other subsequent
figures.
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Table 18. Habitat Criteria for Potential Restored Manders*

Symbol Description Units

PR Pool to Riffle Ratio 60: 40

SG Spawni ng gravel sizes sorted in riffles -3 in.
PD Pool depth 2-6 ft
RV Streanbanks suitable for revegetation

B Boul ders for cover and flow deflection

BV Bank vegetation

S Stream shadi ng

UB Under cut banks

SW Sl ackwater in pools and/or backwaters for rearing

*Received from Don Hair, Nez Perce National Forest, 7/20/84.
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Characteristics --9- to 12- inch logs with hardware cloth or filter
bl ankets buried upstream no nud sills; set flush with bed; inbed 8-10
feet in bank; riprap shore ends; set in series on same gradient as
channel

Drop Structures (Fig. 22)

Functions .--stabilize channel at high flows; dissipate energy in
drops and pools to hold channel gradient; provide habitat in the form
of pools, cover, rock interstices and spawning gravels up- and
down- st ream

Applications. --fromoutlets of Pond No. 1 (Upstream Meander) to
exi sting stream channel (Stas. 4+00 to 7+50); and from Qutlet of Pond
No.)8 (Downstream Meander) to existing stream channel (Stas. 4+90 to
7+90) .

Characteristics .--larger (18-24 inch) single logs (or three, g-inch)
wth mud sills and hardware cloth or filter blankets upstream set on
design el evations based on channel gradient at tops of |ogs; ends
i mhedded 6-8 feet into bank; use riprap on ends and deadnen if not
buried deep; or use K-dam construction if desired to create nore
diversity in habitat downstream notch logs in center for passage flow
(see design of weir in Table 19).

Riprap (Figs. 21, and 22)

Functions .--integrated, larger rock placed in a continuous area to
protect a reach of shore, or a structure, fromerosion is the min
category of riprap. The ends of the control |ogs and drop structures
mentioned earlier are protected with riprap. Local large, |oose rock
shoul d be placed downstream of the drop structures to arnor the pools.
Provides additional interstitial cover for rearing

Applications. --along the outside bank of bends; on faces of fills
which are at the outside edges of the flood plains; heavy applications
for about 60-80 feet downstream of bends (e.g., Sta. 2+20 - 3+00 on
Meander No. 1) because of shear concentration there.

Characteristics .--use largest available |ocal cobble materials, 6-9
Inches for nost applications; place on top of graded materials on
bank slopes; use quarried larger rock (graded 6-24 inches) downstream
of bends on outside banks at toes, with [ocal cobble uphill fromtoe.

Quarried rock (6-18 inches) should be used for shore riprap downstream
of drop structures. Local cobble can be used for armoring pools
downstream of drop structures.

1.4: Flood Plains (Fig. 21)

Al ready discussed in detail
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Typical single
log structure

3-log structure
(Alternate Design)

‘3/}(3 and Cable .

Typical Units

‘Not all riprap and
habitat rocks shown,
jJjust typical examples.

5+90

Fig. 22. Location of Drop Structures, End Riprap, Pool Scour Riprap and
Boul der C usters.
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Backwat er Rearing Areas (Fig. 23)

Functions .--provide appropriate scale of velocity, cover and food
for rearing fish; provide secure area during high water for smaller
anadronous and resident fish; encourages accel erated vegetative
growth; accunul ates woody debris; accunulates fine sedinents.

Applications. --just upstream (south) of the downstream ends of the two

meanders I n the abandoned sections of the existing Crooked R ver
channel.  Seepage fromthe underground systemw |l feed these areas,
even during low flow periods. Hgh water will keep access channels
open, deposit silts and floating debris to create nursery areas.

Characteristics. --previously described. Can add woody debris from
east shore. No special design features required. WII function
natural ly.

Category 2. Habitat Specific Structures

Boul ders (Figs. 24, 25, and 26)

Functions. --singly (Fig. 24), in clusters of two to five (Fig. 25), or
inTarger clusters to serve as deflectors (Fig. 26), or arranged in a
V-shape to trap spawning gravels; single rocks and groups usually
cause scour downstream and roughen the water surface in their wakes,
both of which provide cover and feeding zones; clusters form nore
diverse habitat; control thalweg as deflectors (Fig. 26). Due to a
lack of large local rock, V-shaped gravel trapping structures
constructed of rock are not recommended. The scour/ deposition
pattern around single boulders and clusters depends on their position
with respect other boulders and the streanbanks.

Applications. --place 10 or so on an irregular line at center |ine of
curves, Wth one rock spacing between, to stabilize on erosion of
outside bank (Fig. 27); place groups of 3-5 downstream of tailout
bel ow dropstructures (Fig. 22); place larger boulders in Ponds Nos. 1
and 8, in groups of 3 to provide habitat and to nove sedinent through
the pond; and maintain thalweg where it crosses fromthe outside of
one bend to the outside of the next bend (Fig. 26).

Characteristics .--for single boulders (or clusters) use those with
m ni mum dinension of 2-3 ft.; do not block more than 20% of the
channel width at any transect; keep deflectors |ow and sl opi ng down
towards the channel, and pointed downstream at 30" angle from shore;
build up deflectors of 1- to 2-foot rock with larger materials on
upstream si de and along toe; and do not place boul ders or clusters any
closer to an erodible shore than two times the width of the single
boul der or cluster (unless you want the shore to be eroded). Do not
pl ace boul ders on the inside of a bend where they will be buri ed.

Drop Structures.--same as Feature 1.2.
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Fig. 24. Single, six-foot boulder in St. Regis River, Mbn-
tana. Flow fromright to left.

Fig. 25. CQuster of three boulders in St. Regis River,
Mntana. Flowis fromleft to right.
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Deflectors. --can be made of |arger rocks and or logs, and the same as
described in 2.1 as Boul der Deflectors.

Backwat er Areas. --sane as Feature 1.5

Category 3. Accelerating Features

Pl aci ng Spawni ng G avel s

By including a gravel sorting and mi xing operation in the project,
i deal spawning gravels (18-in. deep) could be placed in the 1% and
1.5% reaches of the meanders. Qtherwise, it may take several years or
nore (depending on the amount of flooding) for enough sorting to take
place to provide the required depth and size distribution.

Bank Shapi ng and Re-vegetation

Bank shaping is acconplished under the hydraulic design of the channe
with gradual (2H 1V) side slopes, flat floodplains and 2:1 slopes on
the enbankments. Re-vegetation with willows buried under the bank
materials, earth and native grasses will be a matter of choice. A few
fl ood seasons will cause a dramatic change in the character of the
riparian zone.

Over hangi ng Shore Cover

Logs anchored into the bank to form overhanging cover has been used
successfully in dredged areas (Boland, 1984). A log deck, or filter
fabric over log supports, can be used to cover the overhang, and
sedi ment or grass clunps placed on top will encourage riparian
veget ation

In this project, riparian vegetation is being installed, and
encouraged by building |ower than usual flood plains. A so, cover is
bei ng provided behind builders and deflectors, under drop structures
and in pools, as well as in the backwater rearing areas among aquatic
vegetation and beneath woody debris. therefore, overhanging |og bank
structures are probably not needed for this project.
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X, RECOMMVENDATI ONS AND CONCLUSI ONS

During the course of the project, as nmore information becane avail able,

severa

(1)

(2)

changes in habitat enhancement strategies were considered:

Do not build the meanders;

Buil d the nmeanders as designed under the constraints of matching
themto existing ponds and swales, and avoiding the west side of

the valley where the road is |ocated;

Instead of building the neanders, construct a flood plain on the
left bank, and install a new suite of habitat inprovenent

structures in the existing channel; and

build an irregular, nore "natural,"” rough channel with a wide flood
plain upstream of the project site and upstream of the |ake just

north of O ogrande.

The main risk involved in each of the alternatives except nunber (3)

(fixing the existing channel) is the potential |oss of the stream flow by

seepage through the banks and bed of the new channel. Over tine the seepage

woul d becone clogged. To save this tine, gravel and sand can be stockpil ed,

and placed in observed seepage areas when water is initially diverted into

t he new neander channel
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If spawning and rearing habitat for salnonids is to be inproved soon in
Crooked River in the project reach, obviously alternative (1) (Do Nothing)
has to be dropped.

The second alternative (two neanders north of the airfield) is the
recommended design for this project. The habitat inprovenent features, and
hydraulic control structures will provide instant habitat. Al so, over tinme,
the | ower-than-usual flood plains will accunulate silt, vegetation, and
woody debris!  The vegetation will stabilize the banks and encroach on the
channel, causing it to be deeper and narrower than the initial channel
In addition, the abandoned sections of existing stream channel wll provide
excel l ent rearing areas which woul d not be avail able using the existing
channel in option nunber (3).

The fourth alternative was discussed with representatives of the Forest
Service and the |daho Department of Fish and Game on March 15. The nain
difficulties of merely cutting a random channel through the dredged spoils,

without using hydraulic design considerations and habitat structures are:

(1) The channel will be very unstable from year to year, and

continual Iy adjusting;

(2) The anmounts and types of habitat will change from one high flow

season to the next;

(3) There will be little opportunity for riparian habitat to devel op

unless it would be in small, transitional areas: and
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(4) The initial anount of good habitat available would be relatively
smal | conpared to the two nmeanders north of the airport at the

proposed site.

There is no way to balance or equate the devel opment of readily
avail abl e habitat to the amount of yardage (cut and fill) noved in
excavating a channel through piles of gold-dredge spoils. The tools which
are available are the site conditions (plan and profile), how the channe
pattern and cross-section |ooked prior to dredging, and the basic principles
of hydrol ogy, hydraulics and river mechanics. Al of these factors have to
be matched to the needs of the species in question to develop "a design" for
each site in question. Exam nation of several sites could lead to the
devel opment of nore direct methods for devel oping neander restoration
channel designs at other dredge-inpacted sites.

This is why the project team from WSU supports either Option 2 of
buil ding the meanders, or Option 3 of inproving the existing channel with a
flood plain and a suite of new habitat structures. Excavation of the
one-sided flood plain for the existing streamw || be |ess expensive than
cutting the two neander channels. Habitat inprovements will be a little
nmore expensive in the existing channel because there will need to be more of
them on the steeper channel

The main feature in favor of the two new nmeanders is the fact that the
channels will recover to a nore natural, stable, neandered state (with
excel lent habitat) in a nmuch shorter tinme period than the other two channe

options.
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Following is a series of conclusions resulting fromthe project study:

(1)

The proposed neanders would increase the length of the channel,
and provide nore natural meandering, but not enough length to

provide nore natural increase, nor an irregular neander pattern

Routing the neander channels through existing ponds and swal es
does not significantly reduce the required neander excavation

vol une, but adds pool vol une;

The designed neander patterns cannot be increased any nore in
I ength, by extending themto the west, because they would have to
be build on fill, and the road would be [ower than the channel

the channel would interact also with the west side surface

drai nage system of channel s and ponds;

There is a very heterogenous ground-water/river flow system and
constructing a new channel would increase the risk of losing the
streanfl ow due to seepage unless the channel was seal ed; although
the existing channel has sone seepage gains and |osses, it does

maintain a flow even during the dry season

(5) Excavating the flood plain on the left side of the existing

channel, as opposed to excavating the neander channels, woul d
require roughly one-half the amount of excavation of the two

meander s:
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(6) The existing channel has shade, sonme overhanging banks and a woody
debris supply all along the steep east bank, plus sonme vegetation
and a small anount of flood plain along portions of the west

bank.

(7) The meander channels would be relatively bare of streanside woody
debris, and would require some years to establish a riparian
supply (except for drift fromupstreamor artifically introduced

debris)

(8) Several offstreamrearing areas could be constructed in low |ying

areas west of the existing channel

(9) The plan view channel patterns are very simlar between the
exi sting channel and the proposed neanders, especially in the

downst ream reach and neander

(10) A nore irregular (natural) channel pattern cannot be devel oped at
this site by merely excavating a rough channel with steep side

sl opes through the spoil piles and letting it adjust over time

(11) The crucial hydraulic elenment in the devel opnent of a "nore
natural channel" is the existence of a flood plain to handle

overflow and devel op riparian habitat;
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(12) A nore natural, irregularly neandering channel could be nore

readily developed in the downstream reach of Crooked River near
the mouth where the 90° bends have been dredged in conjunction
with placer mning. Here the nmeander pattern is established

al though too frequently; also, there is significantly nmore rearing
and spawning habitat available. This reach would require a
relatively mnor amount of effort to achieve the desired natura

meander pattern, conpared to the upstream site near O ogrande and

the project site just north of the airfield.

Even though the conclusions show that the meanders are only nmarginally

feasible in this reach of Crooked River, the study has led to the concept of

restoring a floodplain on the existing channel which has not been previously

considered. A'so, the study has generated the follow ng information which

will be of future value to the Nez Perce Forest, and other Forests with

dredged streamvalleys to restore:

(1)

(2)

(3)

(4)

Site topographic information

The regional channel design procedure;

The hydrol ogi ¢ nodel which can be used in simlar clinatic

provinces on the Forest;

The nethod for in-depth analysis of alternatives which will provide

gui dance for other habitat inprovenent projects; and
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(5) The planned conparison of the biological productivity in various
exi sting study reaches, and the two neander reaches, should be of

value in the future selection of habitat inprovenent nethods.
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APPENDI X 11
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INTRODUCTION

In 1927 a dam was constructed on the South Fork of the

Cl earwater River at Harpster, which totally elimnated
anadronmous fish runs into this inportant spawni ng and
rearing habitat. In 1935 a fish | adder was constructed at
the dam but was reportedly only mnimally successful. In
1962 the dam was conpl etely renoved. By this time, however
t he anadronous runs had been elimnated fromthe drainage.
Additional activities in the drainage that have had inpacts
on the anadronous fish habitat include mning (both dredge
m ning and hydraulic mning for gold), grazing (especially
on private lands in Red River), and tinber harvest and road
construction which have increased pedinent |oads in the
streans.

| daho Fi sh and Gane began a program of re-introduction of
anadronous sal nonids in 1962. Hat chi ng channel s were
constructed on Red River at the Red R ver Ranger Station and
on Crooked River near Orogrande. These were stocked
annual ly with eyed eggs. Speci es stocked varied and
i ncl uded coho sal non, chinnook salnmon and steel head. The
Crooked River channel was abandoned several years ago when
the | ease on private |land term nated; however, the Red River
Channel has continued in operation. Most of the recent use
éé978-1983) has been with steelhead. In 1977 |daho Fish and
me constructed a rearing pond at Red R ver which is used
to rear 200, 000-300, 000 spring chinook sal non annual ly. The
pond is stocked with fry in the spring. After rearing in
the pond over the summer, a portion are nmarked and all are
rel eased into Red R ver at the pond site.

The U . S.F.S. began a program of active habitat inprovenent
in the Red Rver, Crooked R ver, and Newsone Creek drai nage
systens in 1980. These are continuing on an annual basis
utilizing Forest Service funding. Since the B.P. A project
proposal has been approved, the Red River D strict has
directed its enphasis to the South Fork of Red River, and
the Elk Gty D strict has concentrated on Newsone Creek.
These projects wll conplenent the B.P. A. work being carried
out in Red River and Crooked R ver. The 1984 U. S. F. S
contribution to the rehabilitation of the South Fork

Cl earwater system was $41,000 (this includes $21,000 direct
habi tat i nprovenent work and $20, 000 for erosion control and
rehabilitation of an old hydraulic m ning operation).
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RESCRI PTI ON OF PRQIECT AREAS: The projects are on the Red
River and Elk City Ranger Districts of the Nezperce National
Forest (Figures 1 & 2).

The Red River project area consists of approximately 19
mles of streeamwith 50%on U S. F.S |and and 50% on private
| and. Stream reaches involved include both neandering
nmeadow reaches and tinbered valley bottons. Fi sh habi t at
problens are the result of overgrazing and previous dredge
mning for gold. The Crooked River project area covers 10
mles of streamwith nore than 90%on U S. F. S. |and. Fi sh
habi tat problens are associated with past dredge m ning
activities for gold which channelized the stream channel and
elimnated the riparian neadow.
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FIGURE 1

Red River Fish Habitat Improvement Project
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FIGURE 2

Crooked River Fish Habitat Improvement Project

Vicinity Map

American River

Grangeville

&
RS
. Se. Fork Red River

Scale of miles

IS Elk City

Orogrande @, o 1 2

L | 4
Scate of miles




METHODS

Because of the scope of these projects, and nultiple |and
ownership pattern, it was necessary to develop a systenmatic
approach for evaluation, design and execution of the

proj ects. The first step was to separate the streans into
reaches with simlar characteristics. On Crooked R ver each
reach was considered a project segment while on Red River
each reach was separated into individual project segnents
based on owner ship.

After stream reaches have been identified, each reach is
eval uated for fish habitat problens and potential habitat

i nprovement projects. The resulting project proposals
undergo continuing review and revision until a final project
design is selected.

Met hods used in 1983 and 1984 were standard fish habitat

i mprovenent projects including log weirs, deflectors, bank
overhangs, bank stabilization structures, riparian fencing,
boul der pl acenment and riparian vegetation planting.

Descriptions of the problens identified and various
treatnents of the problens follow.

Problem #1 - Streambapk stability.

Beneficial fish habitat features related to streanbank
stability include undercut banks and overhangi ng vegetation
(cover). Adverse effects fromlack of stability include
excessive bank erosion |eading to sedi nentation, w dening of
t he stream channel, and shal |l ower streans.

The following illustrate range of bank stability problens

encountered, and treatnents carried out on Red R ver and
Crooked River during 1984.
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TABLE 1
B.P.A/F.S. RED RIVER FI SH HABI TAT | MPROVEMENT PRQJECT

Proj ect Stream | npr ovenent

Segnent Lengt h Owner shi p Qpportunity

[-A 3600’ USFS Low

|-B 5100’ Private Low

|-C 6000’ Private Hi gh

[-D 3600’ Private Low

|-E 2100’ USFS Low

l-F 19300 Private Low Medi um
Subt ot al 5.6 Mles

[ 5.5 Mles USFS Medi um

[11-A 2000’ USFS Medi um

[11-B 4300° Private Low Medi um

[11-C 3300 Private H gh
Subtotal : 1.8 Mles

IV 2.0 Mles USF.S Medi um H gh

V-A 2600’ Private H gh

V-B 7200’ Private Hi gh

V-C 4000’ Private Hi gh

V-D 5400’ Private Medi um

V-E 1000’ US.F.S. H gh
Subtotal : 3.8 Mles

TOTAL: 18.7 Mles



Proj ect
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TABLE 2
CROOXED RI VER SCHEDULE

ACTIVITY
Survey Pl an I nstream Bank R parian
Structures Shapi ng Reveget ati on

84- 85 84- 85

85 87 88 88 89
85 86 86 87
85 86 86 87
85 86 86 87

86 86 87 87 88

¥*%*%  Conpl eted.



Example | - Red River

Description - This was a 3' -5 vertical, eroding streanbank

It was a constant, source of sedinent which adversely

af fected otherw se good spawni ng and rearing habitat |ocated
in this stream reach, Due to its over- -steepened nature it
was not stabilizing and revegetating naturally.

Ireatnent - This site was treated by the crew using hand

t ool s. Logs were placed at the toe of the slope and
backfilled by hand with streanbed rock, The bank was then
cut back and shaped, seeded, fertilized, mulched and pl anted
with willow cuttings,

Expect ed-Benefits - The treatnent will reduce sedi nentation,
I nprove bank stability and increase coyer fromthe Logs and
vegetation, This should inprove both spawning and rearing
in the imediate vicinity.
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Example 2 = Red River

Description - These streambanks were eroding at intermittent
intervals with good sections of overhanging vegetation and
undercut banks in between. Raw banks were 1°=3' high in the
eroding sites.

Treatment - Eroding sections had boulders and roeck placed to
stop erosion and protect the existing good habitat adjacent
to these sites. The treated portions of streambank will
have seeding, fertilization, and shrub planting done next
spring.

Expected Benefits = The treatment will reduce erosion at the
existing problem areas and protect the current existing good
fish habitat features, such as undercut banks and
overhanging vegetation. This will help retain the available
rearing habitat, and with revegetation will increase rearing
habitat in the future. This is in an area with suitable
spawning gravels and may enhance the site for spawning by
providing additional escape cover for spawning adults.
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Example 3 « Red River

Description -~ These are 10'.20' high banks of overburden
material left after removal so the area could be dredged for
gold. Erosion has been occuring at the toe of the slope;

subsequently the upper slopes are experiencing mass wasting
and sloughing into the stream.

Treatment - The toe of the slope was protected with logs
held in place with fence posts. Logs were then back filled
with rock and sod. Upper banks were seeded and planted with
trees and shrubs.

Expected Bepnefits - The treatment will reduce sedimentation
and reduce rates of sloughing and upper bank failure.
Deeper root mass of trees and shrubs should reduce mass
wasting of upper banks. Logs will provide cover, thus
improving rearing habitat.
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Example 4 . Red River

BEFORE AFTER

Description - These eroding banks are #°'-6' and 12'=15"7
high. The erosion has resulted in a stream channel that is
too wide and shallow, and there is no instream or bank
cover. Erosion of the upstream bank is threatening to cause
loss of the power line pole.

Treatment - Boulders were placed at the toe of the slope and
back filled with streambed rock. Banks were then sloped to
the rock with a backhoe; with final shaping by hand. All
sSlopes were seeded and fertilized. High banks were covered
with "Curlex" erosion control matting,; and low banks were
mujiched with straw. Containerized shrubs were planted in

the fall.

Expected Benefits - Reduce bank erosion will reduce
sedimentation. Cover for rearing fish will be provided by
the boulders. There will be increased cover from
overhanging vegetation as a result of fLhe revegetation
efforts. Reduced erosion should reduce stream width and
increase depth.
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Example 5 - Crooked River

BEFORE AFTER

Description - This is a section of dredge tailings remaining
along the stream after dredging for gold. These were
unstable and eroding at the toe of the slope during every
high water. They were a constant sediment source; there was
no cover being provided and no vegetation could develop.

Treatment - Tailings were pulled back with a D-7 dozer.
Objective was to reduce the slope and height of the
tailings. Treated areas were seeded and fertilized after
shaping.

Expected benefits - Reducing the slope and height of the
tailings sedementation, increased bank stability and
improved site potential for revegetation. The new, lower
banks will act as a "flood plain” which will help handle
overflow and improve opportunities for riparian
revegetation. Improved bank stability will increase the
stability of the instream structures installed at this
site,
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Example 6 = Crooked River

BEFORE AFTER

Description - This 6'-15" eroding bank was caused by the
strean being moved during dredging operations and is a
constant sediment source., The stream was too wide and
shallow, providing little, if any, fish holding habitat.

Treatment - Streambed rock was placed at the toe of the
slope and boulders placed on top. The bank was then shaped
with a Cat 225 hydraulic excavator, seeded, fertilized,
mu-ched and planted with containerized shrubs and trees,

Expected Benefits - Reduced sedimentation and increased

rearing capacity should result.
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Problem #2 -« Lack of instream cover.

This may be one of the most limiting factors in the project
areas. Many things provide cover for fish of various ages.
These include boulders, doun trees, debris jams, overhanging
vegetation, and undercut banks. In addition to providing
cover, these objects act as flow deflectors which provide
localized water velocities suitable for resting and /or
feeding sites for fish. Presence of cover may also enhance
the use of spawning gravels.

Activities undertaken to enhance cover included those
designed for immediate benefit such as boulder placement,
dropping trees into the stream, and constructing overhanging
structures such as deflectors. Activities which will
produce benefits farther in the future are primarily
associated with riparian revegetation (grass seeding,
fertilization, shrub and tree planting, and fencing).

The following are examples of treatments carried out this
year.
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EXAMPLE 1 RED RIVER

escription - This is a relatively shallow, open stream
c

Des
reach with no cover. There appeared to be no holding sites
for either young or adult fish.

Treatment - Boulders were hauled in and placed, using a
crane.

Expected Benefits = Boulders should provide both cover and
reduced water velocity needed for resting and/or feeding
sites for young and adult fish. Scour arocund the boulders
should provide increased water depths.
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EXAMPLE 2 RED RIVER

Description - This is a relatively deep run (2¢ - 4°') which
lacked instream cover and provided little holding water for
either young or adult fish.

later placed using a crane. Boulders were placed both in
the middle of the channel and along the bank.

Expected Bepefits ~ Boulders will provide cover and feeding
sites for young and adult fish.
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EXAMPLE 3 - RED RIVER

(Scour Hole with Overhead Cover)

Description - This was a relatively shallow run lacking
instream cover.

Treatment - One log was placed perpendicular to the stream
flow and buried into each bank approximately 5 feet. The
log was back filled on each end with streambed rock, and a
pool was excavated under the center portion of the log. A
second log was attached at right angles to the first, and
parallel to the flow. It was positioned adjacent to the

main flow to provide cover for the most desirable holding
site.

Expected Benefits -~ The structure should provide a desirable
mix of depth, velocity and cover, particularly for age one
and two steelhead thus increasing carrying capacity for
rearing fish.
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EXAMPLE & - CROOKED RIVER

(Tree Providing Cover Over Pool)

Description - This is the tailout of & pool created by

installation of a log weir.

Treatment - After the log weir was installed a tree was
positioned to extend downstream over the pool and following
riffle. The tree was fixed in place by attaching it to the
stump using 3/8%" cable.

Expected Benefits - The tree will provide cover for both
adult and young fish using the pool habitat. It also
provides escape cover for fish using the spawning gravel at
the tailout of the pool.
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Probl em #3 - Water Depths During Low Fl ow

There are reaches in both Red River, and to a greater extent
Crooked River where water depths is less than optinmum for
both adult and juvenil e sal nonids. Many times water
velocity in the shallow reaches is too fast to be used
extensively.

Qur main approach in these sites is to build weirs, either
with logs or boulders; and deflectors, primarily of rock.
The design of these varies with the conditions at each site.

The foll owi ng exanpl es denonstrate nost of the techniques
used in the project this year.
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EXAMPLE 1 - CROOKED RIVER
BEFORE

AFTER

Description = Sites selected for installation of log weirs
were long reaches of shallow runs and riffles unbroken by
pools or deep runs.

Treatment -~ The general sequence of activities used when
installing log weirs was. similar to that reported in other
areas and will not be detailed here. Basically the weirs
consist of trees placed perpendicular to the stream f{low and
anchored 10' into each bank. A 6Y wide layer of 2" x 2%
Wwire mesh covered with filter cloth was placed on the
upstream side and buried below streambed level approximately
1 foot. A pool was then excavated on the downstream site of
each weir.

Expected Benefits - These structures provide holding sites
for adults prior to spawning and increases rearing capacity
for young fish, thus increasing production. In addition to
providing deeper water, these structures provide a variety
of water velocities, and instream cover. Many times trees
were placed over the pools to enhance cover as discussed
earlier.
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EXAMPLE 2 - CROOKED Rl VER

Description - A Hewitt Ranp was used in the sane type of

sites as other log weirs.

Treatnent - The Hewitt ranp is a nodified log weir. 2”7 x 127
x 8 planks replace the wire mesh and filter cloth. The
main log is keyed into each bank as with the previously
described log weir. A second log is buried 1' - 1 1/2
deeper about 5 upstream from the nain |og. 2" x 12" x &

pl anks are then nailed to the two logs the entire w dth of

t he stneam The structure is then backfilled wth streanbed
mat eri al .

Expected Benefits - The benefits are the same as with |og
wiers.
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EXAMPLE 3 - RED RIVER

(Rock Deflectors)

Description - Rock deflectors were typically used where the
substrate contained high proportions of large material mixed
with gravels. These reaches provided few resting or
spawning sites. Reaches selected for this treatment
generally not conducive to installation of log weirs.

Treatment = A track mounted backhoe was used to move and
shape larger streambed material into deflectors and/or rock
weirs.

Expected Benefits ~This treatment results in improved
resting and holding sites for adult chinook prior to
spawning and improved spawning sites where large material
has been removed leaving suitable areas of gravel. Redds
were located in these areas immediately after construction.
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PROBLEM #4 - FlI SH PASSAGE BARRI ER

Description - An existing culvert on Crooked River was
bl OCKI ng access to approxi mately 4,500 square yards of

useabl e steel head spawni ng gravel.

Ireatnent - The site was surveyed and a bridge was designed
using U S F.S. funds. BPA fundi ng was used to renove the
cul vert and construct a bridge during 1984.

Expected Benefits - Access for spawning steel head was
provided to an additional 4,500 square yards of useable
spawni ng gravel . Potential increase snolt production for
Crooked River is 18,690 annually.
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OFF CHANNEL REARING - CROOKED RIVER

BEFORE AFTER

Description -~ A pond existed near the stream but with no
connection to the stream. Water temperatures and depths
appeared suitable for rearing salmonids. There was 2
constant exchange of water through the pond from
inter-gravel flow.

Treatment - An open channel was constructed through the
dredge tailing connecting the pond to Crooked River,

Expecied Benefits - The side channel and pond will provide a
refuge for young fish during spring runoff. It should also
provide a preferred rearing area for chinook.
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DI SCUSSI ON

Moni toring Needs - In some instances, several different

| evel s of treatnment were used on a given problemto eval uate
the effectiveness of each. The following is a brief summary
of treatnments which will be nonitored by the project crewin
the future. This will supplenment the | ong term popul ati on
nmonitoring being carried out by I.D.F. G The primary
objective of this nonitoring is to evaluate effectiveness of
the structures in creating the habitat features they were
designed for, not to determ ne overall fish population
trends.

1. Bank stability treatnents in nmeadows. Three | evel s of
treatnent were carried out.
a. Mnimum treatnent consisted of fencing, planting
unrooted willow cuttings, and seeding.

b. Mderate | evel of treatnent included placenent of
boul ders at sel ected points along an eroding bank wth
seedi ng and planting of unrooted cuttings inbetween.
The whol e area was then fenced.

c. The nobst intense treatnent involved placing a

conti nuous row of boulders at the toe of an erodi ng bank
then backfilling behind the boulders wth streanbed

rock. The eroding upper bank was then pulled down wth
a backhoe and shaped by hand. The whol e area was then
seeded, fertilized, mulched, and containerized shrubs
wer e pl ant ed.

2. Boul der placenents. Boul ders were used in several
di fferent habitat and configurations. Proj ect personnel
will sanple these sites either by electro-fishing or
snorkeling to evaluate gross differences in use. Sites
to be evaluated include m d-channel placenent vs.
streanbank placenent; riffle placenent vs. deep run
pl acenent; individual boulders vs. clusters.
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30 Log Weirs. The following mnor nodification to the

basic design were tried and will be evaluated in the
future.

a. Log with wire nesh and filter cloth upstream

b. Log with 2" x 12" planking upstream

c. Log with no upstream materials

d. Logs installed with nud sills and wire mesh upstream

and rock filled cribs on the end (earlier Forest Service
proj ect).

These variations will be nmonitored for differences in
stability and maintenance requirenments. They will also be
sanpl ed for any gross difference in fish use. The tailouts
of pools created during construction will be nonitored for
col l ection of suitable spawning gravels.

4.

Defl ectors constructed from streanbed materi al

The primary need here is to nonitor for long term
stability of the structures and occurrence of
spawni ng gravel s nade avail abl e during

construction. Chi nook sal non redds were observed
at sone of these sites the year the deflectors were
constructed. W will evaluate whether the gravel
stays in place or is flushed out during the next
spring runoff season

Logs and trees placed for cover. Sever a

variations were used and need to be eval uated for
both fish use and longevity. These include: tops
in water vs. trunk in water; parallel to flow vs
20° - 45° into stream cabled to bank vs. not
cabled in place; placenment in pools belowlog weirs
vs. placenment in pools above |og weirs; and

pl acenment perpendicular to the streamvs. angled
downst r eam

Ri parian revegetation. Survival of containerized
shrubs needs to be conpared with survival of
unrooted cuttings. W wll also nonitor variation
in survival anong species planted both cuttings and
contai nerized stock. Variation in success of
seeding on different sites will be nonitored.

O f channel rearing. The pond connected to Crooked
River this year will be evaluated visually or by
snorkeling to determine if it is receiving use by
juvenil e sal nonids. Exi sting off channel ponds
will be sanpled either by snorkeling or electro
fishing to determ ne use.
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Other Activities Carried Qut During 1984

L.

Fish Habitat Surveys. Surveys were carried out for
Reaches |, IIl, 1Il, IV and V in Cooked Ri ver and
reaches Il, 111-C, V-A V-B in Red River. The
survey information is summari zed in Appendi x 1.
This information is essential in evaluating habitat
i mprovenent needs. At this tinme the habitat
conponents we are enphasi zing are pools, deep runs,
and instream cover. Oher itens not listed in the
summary but which we are treating include eroding
stream banks, bank vegetation and spawni ng gravel .

Spawni ng Site Cori ng. Random sanpl i ng of fine
sedinent in potential spawning sites was carried
out in both project streams. The information is on
file at the Elk Cty District office. Per cent
fines less than | /4" averaged 30% - 35% i n Red

R ver and 23% - 35% in Crooked River. In Crooked
Ri ver the sanple which rated 35% was taken in the
project area after this years work, which may have
affected that sanple.

Coordination - Project activities were coordinated
with IDFG (to provide adequate control sections)
hol ders of unpatented mning clains (to avoid areas
currently being worked (one case)); and | andowners
on Red River, (to arrange permission to carry out
surveys and plan potential projects).

Contract work. Work requiring heavy equi pnent was
carried out using equipnent rental contracts on an
hourly rate basis. This gave us the nost
flexibility in making on the spot nodifications to
neeet site specific needs. W utilized a "fish
Frgmr hired by the Forest Service for all manua
abor .

A contract was devel oped with Washington State

Uni versity to provide hydrol ogi c anal ysis and
design of a hydraulically sound artifical meander
channel . The final analysis concluded that the
channel can be built; however, the cost-benefit is
low and risk factor for losing the streaminto the
gravel is high at this particular site. A fina
decision will be nmade shortly whether to build the
channel here or to |look for a nore suitable site.

Techni cal design information provided in the
contract will be invaluable for use either in
bui | ding the new channel, or when working with the
exi sting channel
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SUMVARY OF ACCOWPLI SHMENTS 1984

_Q_O_QJ(ed R ver Red River
r eat ment
Log Weirs 18 2
Boul der Weirs 9 4
Loose Rock Weirs 22 5
Random Boul ders Pl aced 59 84
Boul der clusters 0 34
Anchored Debris 23 12
Debris jans treated ! 9
O f Channel Rearing 1 pond 0
D gger | ogs
Ba%% st abgl | i zati on 6, 4519nf 838rﬁ3
Rock & Boul der Deflectors 15 93
Log Deflectors 4 !
Bank Cover la a
Pl anti ngs 350, 350b
1, 000 1,320
| nstream Cover 0 10
Structures nmintai ned 0 7
Fenci ng 321 m
ﬁ cont ai neri zed shrubs

willow cuttings
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Summary of costs 1984

Cost estimates for the project are presented in three

parts. First is sinply the total annual contract cost

di vided by the nunber of structures. The second section is
actual field cost (total cost mnus planning, admnistration
and overhead) divided by the nunber of structures. The
third and nost specific section is a sunmary of specific
costs where item zed activities and costs are avail abl e.

Total annual cost Red River = $85,781 = $470 /structure

Total # Structures Installed 183
Total Annual Cost COrooked River = $72,889 = $475 /structure
Total # Structures Installed 153

Total Field Wirk Cost Red R ver = $64,. 781 $755  Istructure
Total # Structures Installed 183

Total Field Wrk Cost Crooked River = $51.889 = $340 /structure
Total # Structures Installed 153

Specific Activity Costs.

Log weir construction (Crooked River) $504 each
backhoe 3.5 hrs. @ $85/hr. $297. 50
boul ders 4 @ $16.15 ea. 64. 60
50" filter cloth 25. 83
50" 2" X 2" wire mesh 41. 15
plants, grass seed, fertilizer 10. 00
crew tinme 3.5 hrs. @ $18.5Q hr. 64.75

t ot al $503. 83

Boul der weir construction (Crooked River) $300 each

backhoe 1.2 hrs. @ $85/hr. $102. 00
boul ders 10 @ $16.15 ea. 161. 00
crew tine 2 hrs. @ $18.50/ hr. 37 .00

t ot al $300. 50
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Bank stabilization (Crooked River) $7. 18/ nf

backhoe 2 hrs. @ $85/ hr. $170. 00
boul ders 35 e $16.15 ea. 565. 00
shrubs and grass seed 100. 00
crewtime 2 hrs. @%$18.50 hr. 37.00

total $872.25

Log weir construction (Red River) $308  each
backhoe 5 hrs. @ $35/ hr. $175. OO
crew 5 hrs. @ 18.50/ hr. 92.50
30" filter cloth 15.50
30" 2" X 2" wire nesh 24.69

t ot al $307. 69

Rock wier construction (Red River) $58.50 each
backhoe 2 hrs. @ $35/hr. $52. 50
crew 1 person hr. e $6/hr 6. 00

t ot al $58. 50

Di gger logs with cover (Red River) $82 each
backhoe 2 hrs. @ $35/M $70. 00
crew 2 person hrs. @ $6/hr. 12. 00

t ot al $82. 00

Bank stabilization (Red River) $16. 30/ nf
backhoe 8 hrs. @ $35/ hr. $280. 00
boul ders 322 e $16.15 ea. 5, 200. 00
shrubs, seed, fertilizer 100. 00
crew 12.7 crew hrs. @ $18. 50/ hr. 235. 00
crane 16 hrs. @ $68/hr. 1, 088. 00

total $6,903. 00

Structure mai ntenance (Red River) $30/structure

Crew - 5 person hours/structure 0 $6/ hr.= $30 each
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FI SH HABI TAT SURVEYS -

APPENDI X |

1984
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CROOKED RI VER | A 2 79 19 0
CROOKED RI VER | B 8| 72 17 3
CROOKED RI VER | A&B | 42| 45 6 || 7
CROCKED RI VER H Al 10| 50 | 40 |f 0
CROOKED RIVER I B 5| 78 17 0
CROOKED Rl VER [ 1] 16 39 45 0
CROOXED RI VER IV 51| 18 31 0
CROOKED RI VER % 22 | 17 36 25
RED RI VER [ A 16 10 10 64
RED Rl VER I B 16 | 24 23 37
RED Rl VER | C| 23| 26 21 39
RED RI VER I D| 17| 23 37 23
RED Rl VER N E| 21| 14 60 5
RED RI VER 'l F 8| 14 75 3
RED RI VER 1 C| 18] 41 41 0
RED RIVER % Al 2 29 69 0
RED RIVER % B 42 | 17 41 0
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ABSTRACT

NEPA conpliance caused considerable delay in initiating this project
in 1984. Barrier renoval to bhe conpleted in 1984 by the Boise National For-
est on Dollar and Six-bit Creeks was postponed. Barrier renoval to be com
pl eted on Johnson Creek in 1984 was greatly del ayed, and the work crew was
not able to start the project until Cctober 15, 1984. Unusually cold and
stormy weather caused ice to build up on the stream banks and made access
to the mgration barriers extremely difficult. As a result of the late
starting date and the cold weather, it was not possible to conplete the
barrier removal work on Johnson Creek. A mgjor portion of the work was com
pl eted on Johnson Creek in 1984, and the project is expected to be conpleted
Septenber 1985.  Summer chinook fingerlings will be stocked in the high qual-
ity habitat above the barrier in Upper Johnson Creek in the summer of 1985.
The Boise National Forest developed plans in 1984 for the barrier renova
work to be done in 1985. This annual report provides a summary of the pro-
gress achieved in 1984. A conpletion report will be issued at the end of
1985.
| NTRODUCTI ON

Fish mgration barriers formed by rock and natural debris are bl ocking
access for adult salnmon and steelhead to significant quantities of high
quality spawning and rearing habitat in tributaries of the South Fork of
the Salmon River. Mich of this habitat supported |arge nunbers of sumrer
chinook sal mon and sunmer steel head as recent as the 1930's and the 1940's.

Sel ective renoval of rock and woody debris at many of these barriers
woul d al l ow adult sal mon and steel head to pass upstreamto utilize these

I mportant natural production areas.



| daho Department of Fish and Game entered into an agreenment with Bon-
neville Power Administration to remove selectedmgration barriers in the
South Fork Sal non River Drainage in 1984, and arranged to contract portions
of the project to the Boise National Forest and to Jack G Fisher, Consult-
ing Fishery Engineer

M. Fisher's report is included to illustrate the progress achieved

on Johnson Creek in 1984.



Conpl etion Report
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Backgr ound

Several partial or conplete blocks to upstream mgrating anad-
romous fish were previously identified by Idaho Fish and CGane. Departnent
personnel prior to comencement of this project. Sonme detailed study
had been made to determine the extent of the barriers and at what flows
they presented a block to upstream nigration.

These barriers were caused by natural rock slides and consisted
of large boulders that had fallen into the streamand in nmost cases keyed
together. Mst of the rock in these barriers is relatively young with
respect to water erosion and did not show the rounding effect that ol der
wat er - eroded stones and boul ders show in the |ower reaches of the drainage.

For purposes of clarity in this report the designated barriers
have been nunbered 1 through 4, with barrier 1 being |ocated about 15
m | es above Yel | owpine along the road and barriers 2, 3 and 4 (nunber-
ing upstrean) located in the canyon about 18 mles above Yellowpine and
thﬂE the first 1/4 mle below the confluence of Trout Creek and Johnson
Creek.

Met hodol ogy

Selective drilling and blasting of individual rocks to create
| ower overpours, junping pools and escape avenues above the falls was
the means selected to alleviate the problenms caused by the rock falls.
Two Pionjar Mbdel 120 drills were used on this project. [Integral bit-type
drill steel in 2-, 4-, and 6-foot lengths was enployed. Although none
of the rocks to be renoved required holes to be drilled in excess of 4
feet, the location of some of the holes rquired the use of 6-foot steel to
obtain a 4-foot hole. The blasting agent was 40% strength dynamte in
| -inch-dianeter sticks. Detonators were electric and were used in delay
with the maxinum delay being 5 milliseconds. The crew consisted of
two drillers, one powderman/foreman and an engineer.

Al dynanmite and caps, with the exception of the amount used
daily, was stored in a |ocked power magazine |ocated two nmles fromthe
closest work site.

Access to barriers 2, 3 and 4 fromthe road was down a ridge
to the creek. Distance was about 1/2 mle with an elevation difference
of about 600 feet. Wthout packs the normal transition tine for accessing
the site was about 20 ninutes down and 35 minutes up. This of course
depended on the snow cover and the amount of frozen ground that had
to be traversed. Barrier 3 required wading Johnson Creek to get to
the work site. Access to barrier 1 was relatively easy as the work site
was within 150 feet of the road, and only a |o-foot-high bank separated
the bed of the streamfromthe roadway.



Following is a description of work done at each barrier in the
chronol ogi cal order that work was perforned.

Barrier 2

Drilling equipnent was packed into the site on the afternoon
of Mnday, Cctober 15, 1984. Site reconnai ssance of all barriers was
made that day. Actual work commenced on Cctober 16. Barrier 2 con-
sisted of a large rock fall that created an island at low flow with approxi-
mately 50% Of the flow on each side of the rock rubble island. Falls from
this area were about 8 feet in height wth inadequate junping pools on
either bank. It was determined that the removal of one large rock on
the left bank upper falls and removal of a rock at the base of the over-
pour woul d |ower the water |evel above the falls, thereby putting the
majority of the water over the new falls on the left bank. The first
shot consisted of twelve 2- to 4-foot holes and effectively lowered the
falls by 2 feet. In shooting, a large rock under the falls was dislodged
by the increased flow and this rock moved into a pool below the falls.
A second round of drilling and shooting was required to | ower the upper
pool level still further and remove the rock that had fallen into the junp-
ing pool. The second shot consisted of seven 2- to 3-foot holes and
effectively cleaned up the falls and created a 2.5-foot and a 3-foot falls
wi th a junping pool between where there had previously been a single
8-foot falls. Also, all of the creek flow was now on the left bank, elim
inating a low flow condition of a split flow This correction also negated
the attraction flow on the right bank where there had been an 8-foot
falls over a very large boul der.

This barrier is at the base of a large rock slide that shows
i ndication of recent novenent either fromearth tremors or frost heave.
Since this is an active slide area, the falls will require continued sur-
veillance prior to upstream salmon mgration to assure that the barrier
area remains free of partial or total blocks to upstream mgration.

Barrier 3

Barrier 3 was |ocated about 150 yards upstream of barrier 2,
but direct access to the site with the drilling equipment was not possible
by wal king along the creek due to rough terrain. Therefore, all of the
equi pnent was packed back to the road and then back into the canyon
to a point where it was possible to wade the creek. On Cctober 17 all
equi pment was transferred to barrier site 3 and drilling comrenced.

This barrier was not unlike barrier 2 in that the streamwas split and
there were two falls. The falls were each about 7 feet high with the
maj or portion on the left bank. It was determned that the right bank
falls provided the best opportunity for correction, and the major effort
was concentrated here. One very large round boul der had wedged in

the right bank channel, and this rock, along with a |edge rock on the
right bank, was renoved in the first blast. Forty-four holes were drilled



from2 to 4 feet deep for the first shot. The first shot was made in
the afternoon of Cctober 18. After the shot was nade, it was deter-

m ned that sone fragnents of the |edge and the large key boul der were
still too large to assure novenent by high water; therefore, a second
round of 10 shots was made to further correct the new channel. This
second shot effectively broke up the large rock so that high water will
nmove the small rock out of the new channel. Terry Holubetz then re-
quested that sonme correction be made on the left bank falls to provide
an escaperment pool above this falls. This correction was made on Ccto-
ber 19. Wth the cleaning of the right bank falls area of shot rock by
high water next spring, it is anticipated that the right bank will provide
a series of small cataracts and pools that will pass adult fish. The left
bank falls was |owered only about 1 foot in height but provided a poo

at the top of the falls. The area imediately above the falls has about

a 36% grade so further correction would not be prudent unless the large
pool below the falls is raised;, this is virtually inpossible given econom c
as well as geol ogi ¢ and topographic constraints. Equi pnent was noved
out of the canyon during the afternoon of Cctober 19.

Barrier 4

This barrier, as was pointed out froma distance during the
prelimnary walk-through, was determined not to be a barrier at the flow
observed and is probably not a migration barrier at any flow when con-
sidered with the entire cataract area. The location of this barrier was
just below the confluence with Trout Creek. Gant Christensen agreed
with this assessment. There is a distinct possibility that whatever rock
or rocks that had constituted the barrier during the early investigations
had noved so that the barrier no longer existed. Correction in this
40% cataract would be difficult at best. The entire cataract consists of
large boul ders, and they appear to be well keyed in the riverbed matrix

However, imediately below the original barrier location is a
falls approximately 6 feet in height that should be corrected. No attenpt
was made to correct this falls as it will require bridge, boat or wetsuit
operations to get a crewinto the area. Due to an extreme amount of
ice on the rocks at the time this project was under way, only a cursory
attenpt was nmade to access this falls. Terry Hol ubetz advised that he
did not feel that this barrier was a total block as there is an excellent
junping pool below the falls and an adequate escape pool above the falls
If at sonme future date it is decided to correct this falls, it should be
done in late August or early Septenmber to alleviate the ice and cold con-
ditions that existed while this project was under way. Access will be
by tenporary bridge across the streamor by boat or by personnel in
wetsuits.  Equipnent will probably have to be lowered to the falls from
a cliff on the left bank unless a bridge is constructed.



Barrier 1

This barrier consisted of two falls about 4 feet in height with
no jumping pool in between. It was caused by |arge rounded boul ders
bei ng wedged together and creating thin overpours over the boul ders.
The stream was spread out over several falls wth none providing adequate
water for fish transportation. The correction desired was to concentrate
some of the flow and provide a resting area and junping pool between
the falls on the left bank. Drilling started in late afternoon of Cctober 19
and one blast consisting of 6 holes in two small boul ders was made that
day. On Cctober 20 the remaining boul ders were blasted out in tw shots
of 4 holes each. This resulted in approximately one-half of the river
fl ow being concentrated in the area of the blasts with the falls being
reduced to two 2-foot falls with an adequate junping pool between them

Because this part of the project was |ocated near the road,
before each blast a truck and driver were placed to block the road about
/4 mle above and below the work area to preclude any accidents to
peopl e or vehicles using the road.

Al'l equi prent was packed up and renoved fromthe job site
on the afternoon of Cctober 20. This conpleted the project work to be
done this year.

\\éat her

Weat her during the period that the project work was done was
nostly cold, cloudy and windy, wth sone internittent periods of snow
and occasional sunshine. The sun rarely reached the work sites in the
canyon.  Access to the canyon sites was usually difficult in the early
morning due to the steep terrain and frozen ground and/ or snow cover.
There was no trail and little brush to provide hand holds. After a snow
fall, footing was even nore treacherous. No accidents occurred either
in accessing the sites or doing the work.

On the second norning (Cctober 16) the overnight |ow tenpera-
ture was 17° F, and the boulders in the creek had ice over them making
working on them very precarious. The ice remained on the boul ders
throughout the time project work continued. The |ow tenperatures also
caused a decrease in flowin the creek, and the ice on the boul ders and
in the streamcreated some small changes in flow patterns

Low tenperature recorded during the tinme the work was under
way was 14° F and the high tenperature recorded was 42° F. On four
of the five days spent on the project, the tenperature never rose above
freezing. Snow fell during two days of project work



Summary and Concl usi ons

The project went much as planned and with the exception of
sonme weat her problens, the work progressed well. The contractor pro-
vided good equipnent in adequate quantities, complete with spare parts.
The contractor’s crew was well organized and acconplished the work in
a professional, conpetent way and conducted all operations in a safe,
efficient and cost-effective manner.

Future projects like this should give serious consideration to
performng the work during the late summer nonths rather than in freezing
conditions. Although there were no accidents, the ice and snow contrib-
uted to sone delay in accessing sites as well as conducting the actual
work. A better time for doing future work like this and especially in
nmount ai nous areas would be prior to October 1. In this way flows wll
be low, but ice and snow woul d not be a problem

Finally, it appears that barriers 1, 2 and 3 have been corrected
to allow for upstream mgration of anadronmous fish. Barrier 4 should
be reinvestigated at the first opportunity. Barriers 1, 2 and 3 should
be monitored as soon as possible after spring runoff to determne if the
rock fragments noved out as planned and the escapenent paths remain
open.  Further correction may be required if this removal of rock allows
other boul ders to move during high flows. Past experience indicates
that mnor falls corrections such as those done on Johnson Creek usually
require sone mnor work the second year to conplete the correction de-
sired. Since the area that was included in this project has some active
slides and a relatively unstable stream bed, the inspection followng this
year's project is even nore critical.



‘hoto 1-5 Barrier No. 2

‘rior to blasting. Note left and
ight bank falls.

‘hoto 1-4 Barrier No. 2

irilling to open new water path
there small overpour shows just
nder driller. Rocks marked "X"
1so removed.

hoto 1-7 Barrier No. 2

ieneral view showing ice and
now covering rocks in vicinity
f work.




Photo 1-14 BPBarrier No. 2

Taken after first blast. HNote
increased water flow on left bank.

Photo 1-15 Barrier No. 2

After seccond blast. Note change
in configuration of falls. Water
here enters from right to first
jumping pool above main pool
below all falls. Water exits to
left. Right bank falls has
ceased to flow.

Photo 1-16 Barrier No. 2

Shows exit from first jumping
pool above main falls.




Photo 1-20 Barrvier No. 3
Drilling in bypass area on right

bank. Note ice and snow on rocks.
Main flow and falls are to left,

Photo 1-22 Barrier No. 3
Drilling in bypass area on right

bank. Main flow of stream exits
photo at lower left center,

Photo 1-25 Barrier No. 3

Loading holes in bypass area on
right bank.




Photo 1-27 Barrier No. 3

After first shot. Note repositioned
log.

Photo 1-33 Rarrier No. 3

After second (final) shot in main
bypass channel. Again note reposi-
tioned log. It is expected this log
will go out in high water. Also
small, loose rock should wash out.

Photo 1-28 Barvrier No. 3
Drilling at top of falls to provide

pool for fish jumping main falls on
left bank.
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Photo 1-17 Rarrier No. 4

General view of barrier which was
not corrected. Gradient from base
of falls to next upstream pool area
is 36%t. Correction here should
be on left bank where marked,

Photo 1-23 RBarrier No. 4

Close-up of barrier. Note
steep stream gradient above
yverpour.
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Photo 1-36 Barrier No. 1

Photo shows rocks to be removed
in first shot to lower upper pool
and provide new attraction flow.
Rocks marked "X" removed.

Photo 2-6 Barrier No. 1

Results of first shot showing water
in new channel. Existing pool in
lower foreground.
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Photo 2-2 Barrier No. 1 _ o
W

o

Rock marked "Y" being drilled to
provide auxiliary water to attrac-
tion flow created by first blast in
Photo 2-6.
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Photo 2-7 Barrier No. 1

Shows additional attraction water
added by blasting out rock "Y"
shown in Photo 2-2. Upper pool
lowered about one foot.

Photo 2-9 Barrier No. 1

Shows new access route on left with
pool in lower right center. Auxiliary
water flow shown entering on right.

Photo 2-8 Barrier No. 1

View of new fish bypass route with
resting/jumping pool in center fore-
ground. Loose rock here will move
out with high water.
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ANNUAL REPCRT:  Project Nunber 83-415, Alturas Lake Habitat |nprovenent

Abstract

The first year of a two year study to determne the feasibility of
augmenting stream flows in Alturas Lake Creek, during the summer and
fall when natural flows are insufficient to neet irrigation demands

and fishery needs, has been conpleted. Al aspects of the feasibility
study, including legal, biological, engineering, hydrologic and economc
aspects, have been initiated.” To date, no aspect of the feasibility
study has elimnated either of two identified alternatives: dam con-
struction to provide storage capacity for fishery releases, and water
right acquisition. The nethods enployed in the feasibility study and
results of the investigations to date are detail ed.

[ ntroduction

An outstanding opportunity exists to enhance natural production of

spring chinook salmon and reestablish sockeye sal mon production in

the Alturas Lake basin of the upper Salnon River. Diversion of flow

from Alturas Lake Creek (ALC) for irrigation purposes annually dewaters

the stream reducing chinook sal mon spawning and rearing habitat availa-
bility and elimnating sockeye salnon production potential. Two approaches
have been suggested to resolve this conflict between irrigation demands and
fishery needs. The first is construction of an outlet control structure

on Alturas Lake to store spring runoff for release into ALCin late

sumer and earlz fall to acconodate upstream migrating and spawni ng

chinook and sockeye salmon.  The second approach is to acquire all or

part of the water rights held on ALC for instream use by the fish, The
first phase of this project, initiated April 1, 1983, is designed to

eval uate the feasibility of inplenenting these alternatives, 1ncluding
devel opnment of cost and benefit information

Study Area
Al'turas Lake Creek drains 66 square mles of forested slopes of the
Sawt ooth and Snoky nmountain ranges. It is a mgjor tributary to the

Sal mon River, entering at Township 7N, Range 14E, Section 20, approxi-
mately 17 mles upstream from Stanley, Idaho, Flows from this drainage
primarily originate as snow nelt, beginning to increase in April from

base flow conditions to peak flows in June and then quickly recede to
near base flow conditions in August. These flows feed two norainal |akes,
Al'turas (838 acres) and Perkins (50 acres).

The drainage contains sone of the best spring chinook and sockeye sal non
habitat in the Salnon River basin. Unfortunately nost of this habitat, sone
8 mles of stream and nearly 900 acres of |akes, |ies above the diversion
dam and is inaccessible to these anadronmous species, The water rights

held on ALC total 37.84 cubic feet per second (cfs), date back to the

1930's, and are diverted from one point (ALC-1), Ditch capacity at ALG 1

is about 50 cfs, nore than the average natural flows instream during the



upstream migration and spawning periods of chinook and sockeye sal mon.

Met hods

Eval uation of the feasibility of augnenting streamflow in ALC has been
divided into eight study segnments, identified as "information needs."
Applicable work tasks were then identified to neet the information need.
Information needs, and nethods used to resolve the needs are detailed
bel ow.

Legal Issues. Legal issues pertinent to flow augnentation, including water
right acquisition, were identified and submtted for legal opinion to the
U S. Department of Agriculture, Ofice of the General Council and to the

| daho Department of \Water Resources. Valuation of water rights will be
determned by certified appraisal

Instream Flow Needs. Instream flow needed to provide upstream passage, Spawn-
ing, €gg incubation and rearing are determned using an Instream Fl ow
Incremental Methodol ogy. A nenorandum of understandi ng has been devel oped
with the U S Fish and Wldlife Service to provide field assistance in

data collection and conputer analysis of that data.

Stream Habitat Inventory. The anmount and quality of chinook sal mon spawning
and rearing habitat has been assessed using standard Region 4 Forest Service
inventory methodol ogi es, in which physical habitat paraneters are summarized
by 100 neter intervals. This production capability information will be used
to refine expected benefit estimates.

Lake Habitat Inventory. A contract has been awarded to the Idaho Departnment
of Fish and Game (IDF&G) to develop a nodel for estimating sockeye sal non
production in the Alturas Lake system IDF&G is also stocking Alturas Lake
with juvenile sockeye, in anticipation that the flow conflicts will be

resol ved

Prelimnary Dam Design/Cost Estimates. U S. Forest Service engineering and
geotechnical staff wll develop, fromsite surveys, prelimnary dam designs
and cost estimates, for the outlet control structure to provide storage
capacity for fishery flows and nodification, or reconstruction of the

di version dam necessary to: 1) deliver no nore water than the decreed

water right to the irrigator's ditch during the period of upstream mgration
spawni ng and incubation, 2) concentrate flows into a single channel rather
than dividing it between two channels, 3) provide for upstream passage

at the diversion structure itself, and 4) screen downstream nigrating
juveniles fromthe irrigation system

| npacts Associated Wth |npoundnent. If a damis constructed on the outlet
of Alturas Lake to store water and regulate outflow fromthe |ake there
woul d be certain environnental costs. The effects of elevating the |ake
level on the lake shore and its associated values (e.g. beaches, devel oped
recreation sites, timber, soils, visuals, cultural resources, etc.) wll be
assessed by an Interdisciplinary Team assenbl ed by the Forest Service.

Hydrol ogi ¢ Relationships. US. Forest Service hydrological staff, fromthe
Intermountain Regional Ofice, have provided assistance in study design, data
collection and analysis to determne the hydrol ogic relationships between

the primary inlet to Alturas Lake, the outlet stream and delivery to the
point of diversion. Permanent gaging stations have been established at




| npacts Associated with |npoundnment. Primary concerns with the storage
alternative involve the inpacts which the project could have on popul ar
recreational facilities adjacent to Alturas Lake. To better define the
extent of potential inpacts, elevational surveys were conpleted at all
recreational facilities that may be affected. Those surveys identified
two possible areas of inmpact; a boat launching facility in the Snoky

Bear Canpground and the Inlet Beach picnic area. Topographic maps are
being devel oped for the inlet area to help in the assessment of the

magni tude, and mtigatability, of the inpacts associated wth inpoundnent.

Hydrol ogi ¢ Rel ationships. Staff gage/stage relationships have been devel oped
for the three permanent gaging stations. Those relationships will continue

to be refined as nore information is collected at each site. \Wter production
and evaporation estimtes indicate that the flows necessary to provide

the desired storage capacity are available every year (i.e. water storage
requirements, represent only a small portion of spring runoff flows).

Mai nt enance Responsibility for Structural |nprovenents. The Forest Service
(FS) has net with representatives of the Idaho Department of Fish and Gane
(IDF&G) and the National Marine Fisheries Service (NWS) to discuss

mai nt enance responsibility for any structural inprovenents (e.g. dam fish
screen, fishway) associated with resolving the instream flow conflicts on
ALC. NWFS felt they would probably be able to fund maintenance of an ALC 1
fishscreen. | DF&G expressed the possibility that they may be able to
accept maintenance responsibility for a dam as part of the function of the
Sawt oot h Hatchery being built near Stanley. The F.S. expressed the possibility
that they may be able to assist in [ight maintenance and operation of the
dam by using canpground patrol personnel that are at the site daily. Min-

tenance responsibility will be firmed up at the time of alternative selec-
tion.

Summary and Concl usi ons

The feasibility of augmenting stream flows in Alturas Lake Creek to enhance
natural production of chinook salnon and re-establish sockeye salnmon in
Alturas Lake is being evaluated in a two year study. The report presents
the results of the first year of that study. Legal, biological, engineering
hydrol ogic, and economc feasibility analyses have been initiated to
determne the costs and expected benefits of two alternatives to resolve a
conflict between irrigation diversion and fishery needs. The two alternatives
bei ng considered are: 1) construction of an outlet control structure on
Alturas Lake to store spring runoff for release into the stream necessary to
acconpodate upstream mgrating and spawni ng chinook and sockeye sal mon and 2)
to acquire all or part of the water rights held on Alturas Lake Creek for
instreamuse by the fish. Results of the feasibility study-to date have

not elimnated either of these alternatives. It is likely that the value of
the results of the feasibility work will be to suggest which alternative

is nost attractive from a cost/benefit view, or environmental soundness
perspective.




three locations in the ALC system Qher aspects of the hydrol ogic
cycle (e.g. quantity of water produced in the watershed, amount of
evaporation from Alturas Lake) have al so been defined using standard
met hodol ogi es.

Mai nt enance Responsibility for Structural |nprovenents. Mintenance
responsibility for any structural inprovements built as a result of this
project will be negotiated anmong the Forest Service, |daho Department of
Fish and Gane, the National Marine Fishery Service, and Bonneville Power
Admi ni stration.

Resul t s/ Di scussi on

Significant progress for the first year of the feasibility study phase of
the project is sumarized by information need bel ow.

Legal Issues. Legal issues pertinent to instream uses of water, water

devel opnents, and water right acquisition have been addressed. No |egal
issues were surfaced which would preclude inplenentation of either of the
identified alternatives. A contract has al so been devel oped, and will be
awarded in the near future, to have a certified appraiser famliar with water
right evaluation, appraise the value of Alturas Lake Creek water rights.

I nstream Fl ow Needs. Instream Flow Incremental Methodol ogy techniques have
been enpl oyed to define stream flows necessary to nmeet various |evels

of upstream migration, spawning, incubation and rearing criteria. Results
of these studies suggest that either of the identified alternatives

woul d provide sufficient flows instreamto effectively mtigate the inpacts
of ALG 1 on anadromous fish production capability.

Stream Habitat Inventory.

Habitat inventory data suggest that in the Alturas Lake system rearing
habitat is the factor limting chinook salmon production. Mre than

80 per cent of the suitable rearing habitat |ies above the diversion, and is
therefore, currently inaccessable to chinook. There is adequate spawning
habitat above the diversion to seed this rearing habitat. The increase

in production capability associated with accessing this habitat is

estimated at 120,000 to 160,000 chinook snolt/year.

Lake Habitat Inventory. Conpletion of a nmodel to estimte the potentia
production of sockeye salmon in the Alturas Lake drainage is anticipated
by July of this year. Prelimnary estimtes suggest the increase in
production capability associated with accessing this habitat to be at

| east 500, 000 sockeye snolt/year.

Prelininary Dam Design/ Cost Estinmates. Site surveys at the outlet of
Al'turas Lake and at ALC-1 have been conpleted. Engineering staff are
currently developing a report which will present: 1) a discussion of general
dam requirements, 2) alternative dam types and associated cost estinates,

and 3) conclusion and recomendations for the damsite at the outlet and for
the diversion structure.




Summary of Expenditures

ACTIVITY

Resol ution of Legal |ssue

I nstream Fl ow Assessnent

Stream Habitat Inventory (Chinook Production Estinate)
Lake Habitat Inventory (Sockeye Production Estimate)
Prelimnary Dam Design/ Cost Estimates

| mpact Eval uation

Hydrol ogi ¢ Relationship Definition

Resol ution of Mintenance Responsibilities

Water Right Appraisa

Adm nistrative Costs

CcosT

$ 500
$3, 500
$6, 500
$3, 000
$1, 000
$1,000
$ 500
$2, 500
Cont r act
$1, 500

Not Let

$20, 000



